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A POSTCARD FROM YOUR PRESIDENT 


Greetings: 

For the November postcard I have asked a number of good 
folks to give their opinions concerning the outlook for our an- 
nual meeting this year, the contributions of our official journal, 
School Science and Mathematics, and thoughts for the good of the 
order. The hearty response is gratifying and I can say truly, 
as I said in the first postcard, “It is good fun to be president.”’ 
I am sure that you will find pleasure in reading these interesting 
comments: 


“Basing judgment on the number of inquiries coming to this office about 
the Central Association, its official journal, and the annual convention, 
this will be the greatest year in our history.’—Glen W. Warner, Editor, 
School Science and Mathematics. 

“The Journal is having a good year and will contribute toward the suc- 
cess of the Annual Meeting in every way possible. The Yearbook is fully 
under way on advertising and promises to be bigger and we hope also bet- 
ter than ever before. 

“T am looking forward to an outstanding convention in St. Louis. It is 
too early to note the results of work by the Membership Committees. 
However, before long we should hear from a flood of new members. The 
more, the merrier.’’-——W. F. Roecker, Business Manager. 

‘“‘We are progressing under the leadership of 12 committee chairmen and 
about 120 people in these committees. Everyone is bestirring himself to 
see that there are no slips and that the meeting will come off in good style. 
We are leaving no stone unturned to make this a most successful meeting.” 
—W. R. Teeters, Supervisor Physical and Biological Sciences, St. Louis 
Public Schools (The Good General on the Job). 

“Committees appointed per list of chairmen—and at work. Contracts 
with hotel headquarters checked by Mr. Teeters. Administrative officers 
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of St. Louis schools cooperating in all arrangements suggested. Ready for 
instructions from our President regarding any details he may deem de- 
sirable. Don’t hesitate. We'll do our best! 

“St. Louis Science and Mathematics teachers anticipate with pleasure 
the privilege of entertaining this distinguished company. 

“We hope you will carry away a favorable impression of our fair city.’’-— 
Thomas J. Rucker, Chairman Local Arrangements Committee. 

“Nice to hear from you and to tell you we have one of the most at- 
tractive programs for the Biology Section ever offered biology teachers. 
It covers a wide range of material and will give teachers both the secondary 
and collegiate viewpoints, both so necessary to teachers. 

“Of especial interest will be the discussion of the topic ‘The Visual 
Route to Education,’ in which there is a presentation of the experimental 
procedures which have led to new techniques of administering visual ma- 
terials including the microphone, sound pictures, and automatic testing 
devices. Actual classroom motion pictures will be shown of these tech- 
niques in operation. 

“TI feel both cheerful and optimistic about our St. Louis meeting. I am 
hoping for a good attendance from Ohio. Best of luck.’’-—R. B. Simon, 
Chairman Biology Section. 

“From the standpoint of the classroom teacher I believe that the 
Chemistry Section Program will be one of the best yet. I have tried to 
plan the program with as broad a viewpoint as possible.’’—A. R. Stacy, 
Chairman Chemistry Section. 

“The Elementary Science Section is ready with a program which the 
officers hope will be of interest to all teachers of science in grades one 
through six. 

“The program consists of speakers who will present successful class- 
room practices and results and research in the field of elementary science. 

“There will be an exhibit of both reference and textbooks in science in 
grades one to six inclusive, as well as an exhibit of several units of science. 

“With the excellent cooperation of the officers and various committees 
of the Association, the Elementary Science Section hopes to have a suc- 
cessful meeting which will be of great educational value to both new and 
old members.’’—Lillian Hethershaw, Chairman Elementary Science 
Section. 

“The Journal has had several good articles of a practical nature in the 
general science field, as Problems and Techniques in General Science 
(February) and Science Shows or Science Classes (June), and also the ones 
on Science Library and Projection Operators. I do not feel that the general 
science articles alone are the ones in which general science teachers should 
be interested as we are in the middle of the sandwich, so to speak, and 
therefore ought to be very much interested in the bread on each side.— 
Elementary Science and High School Science. We are proud of our general 
science program for the annual meeting.”—Alma Thomas, Chairman 
General Science Section. 
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The Geography and Physics Sections have programs of which they can 
justly be proud. Full programs, but every topic of vital interest. 

‘“‘As to the outlook for our Annual Meeting I believe our Mathematics 
Program with speakers from Ohio, Nebraska and Chicago will be an at- 
traction to mathematics teachers. 

“Mr. Davis of St. Louis has promised to bring the attention of St. Louis 
teachers to our program. I will advertise it here in Detroit and am sure 
Miss Booher and Miss Ely will do their part too.’’-—Clarence J. Leonard, 
Chairman Mathematics Section. 

“The St. Louis Convention promises to be one of the best in our history. 
Under the excellent management of President Frank and Mr. Teeters 
(Local Chairman) everything within the realm of possibility is being done 
to provide a real treat for us. I’m trying to imagine how nice it will be to 
have all the meetings held on the first floor of a beautiful and modern 
hotel. I hope every member will plan to be there. I know this will be a most 
profitable as well as friendly meeting.’”’—Katharine Ulrich. 


From the Membership Committee. 

“The corn crop in Iowa determines our rank in the nation in many 
ways; so membership in the C.A.S. and M.T. determines Iowa’s teachers 
professional spirit and interest in their particular field. Are you a mem- 
ber?’’—Mr. Grabau, Iowa. 

“St. Louis will exert every effort to provide you with a convention that 
comes up to your expectations. Plan now to be there.’”—Mr. Kruh, 
Missouri. 

‘Wonderful cooperation of members throughout the state insures suc- 
cessful membership campaign. Expect to reach every eligible teacher in 
Illinois.’”,-—Mr. Soliday, Illinois. 

“Every mathematics or science teacher I talk to in Indiana seems all 
‘pepped up’ about going to St. Louis. The Hoosiers will be there.”’— 
Mrs. Johnson, Indiana. 

“This membership committee is so enthusiastic about the Central As- 
sociation that I have to watch them to keep them from selling member- 
ships to history and English teachers. They deserve your assistance. Bring 
a new member to St. Louis with you.”’-—Mrs. Marie S. Wilcox, Chairman 
Membership Committee. 


In my closing “‘postcard’’ may I take this opportunity of 
thanking each and every member of our great Association for 
hearty support and friendly good wishes. May I assure all of 
you again also that I deeply appreciate the high honor you have 
conferred upon me, and that I shall stand ready and willing at 
all times to serve as best I can the interests of Central Associa- 
tion of Science and Mathematics Teachers. 

Sincerely yours, 
O. D. FRaxrk 
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ATTENTION! MEMBERS 
OF 
THE CENTRAL ASSOCIATION OF SCIENCE AND 
MATHEMATICS TEACHERS 


Due to contemplated changes in the form of our membership cards, 
the issuing of these cards (after receipt of dues) has been delayed. If you 
do not receive your membership card before you leave for the convention 
will you kindly call for it at the Treasurer’s desk. It will, as usual, admit 
you to all sessions of the convention. 

O. D. FRANK 
President 





WHAT OUR READERS SAY 


From the Head of the Science Department of a State Normal College: 

My appreciation of your magazine has been greatly enlarged during the 
past year through the fact that I have just completed a dissertation on 
“The Development of General Biology in the High Schools,’ and a great 
many of the citations which were used were from SCHOOL SCIENCE AND 
MartuHematics. This is a fine magazine and I most heartily commend it 
to the teachers of science. 


From a leading English Science Master: 

As the Bush Research Fellow in Education I have spent the past five 
months in America investigating the teaching of General Science for the 
English Board of Education, and in the course of that study have found 
the magazine SCHOOL SCIENCE AND MATHEMATICS so useful that I enclose 
herewith three dollars for the year’s issue to be sent to me in England. 


From a Physics Professor in a Southern State College: 
We use ScHOOL SCIENCE AND MATHEMATICS to a decided advantage in 
this (Teaching High School Science) course. 


From the Head of the Mathematics Department of a Spokane High School: 

Our students have become much interested in trying to send in at least 
one solution each month and I feel that this ambition has led to consider- 
able valuable effort and has furnished work for our clever students, who 
need a broader field than a conventional course affords. I know editing 
this department must cost much time and effort and I wish to thank you 
for the benefit my department derives from it. 


From the President of a large State University: 

I suppose this set (a complete set of the issues of SCHOOL SCIENCE AND 
MATHEMATICS) will be sold when I die, but just now I believe I want to 
keep it, although I am retiring from the teaching of mathematics to be- 
come a college president. 


From an English mathematician: 

During a recent period of inactivity I have been reading with great 
enjoyment some of the volumes of the periodical SCHOOL SCIENCE AND 
Maruematics. This periodical has many excellent features, but the one 
which appeals to me most is that dealing with mathematical problems 
and their solutions. 








SOME PRODUCTS AND RATIOS—A RECREATION 


By RicHARD Morris 
Rutgers University, New Brunswick, New Jersey 


The Ratios and Products presented in this paper are all 
associated with the triangle and some of its notable points. 
Some general theorems are quoted, with references given, while 
other theorems are proved. The point, S, a general point in the 
plane of the triangle, is made to coincide with some notable 
points and the theorems are verified by special methods in a 
few cases of these points, while other verifications are sug- 
gested for the reader. In this paper for the sake of uniformity 
the sides of the triangle A BC are assumed in the following order 
of magnitude, viz. 


a>b>c. 
The lines joining the vertices of a triangle to the point, S, 


in its plane, see Fig. 1, meet the sides BC, CA, AB and the cir- 
cumcircle, in the points D, D’, E, E’ and F, F’ respectively. 


Theorem I. 


SD SE SF ’ 

——-+-——+-—_ = unity. 

1D BE CF 
PROBLEMS 


Let S coincide with G, J, O, H, I;, Jz, Jz and N (the nine-point 
center), where the letters G, J, O etc., have the usual significance, 
but the case where S becomes N should be delayed till theo- 
rem V is introduced. 

First illustration. Let S become J (the incenter). 


2bc cos $A 2bc cos $A r 
D=u-—— and JD=——————-———— 
b+c b+c sin 3A 





or 


2bc cos $A A 


b+c s sin $A ) 











where A is the area of the triangle ABC. Hence 


1 See College Geometry, Altshiller-Court, article 244. 
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> ID “| b+c c+a a+é | 4s , 
AD s Locsin A acsinB absinC 2s 
where 2s =a+b+c. 
Second illustration. By similar triangles, 
ID fr ar 
AD hq 2A 
where /, is the altitude from A upon BC. 
TD art+br+cr 
. Ps — = —_—_—_—_—_= ], 
AD 2A 
Dd’ 
Fic. 1 
Third illustration. 
ID rr 4Rsin 4A sin 3B sin $C sin 3A 
AD h,  2RsinBsinC 2 cos 3B cos 3C 


ID 
=3(1—-tan}Btan}C) «. >> =—§—1)= 1, 


since >. tan 3B tan $C =1 if }(A+B+C) =90°. 
Fourth illustration. Let S become H (orthocenter). 
AD=2R sin B sin C and HD=2R cos B cos C, etc. Hence 


HD 
Oe ry > cot B cot C=1, 


since >> cot B cot C=1, if A+B+C =180°. 
Fifth illustration. Let S become O (circumcenter). 
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s0e ha = 2R sin B sin C 
cos (B—C) cos (B—C) 
and 
OA’ R cos A 
” €08 (B—C) ~ ¢Os (B—C) 
and 


OD sin B sin C—cos B cos C 





AD — 2 sin B sin C 


A’ is the mid-point of side BC. Hence 
OD 
-_ aa > cot B cot C|=}(3—1) =1. 


Application to the other notable points is left to the reader. 


Theorem IT. 


This is evident since 


AD SD BE SE CF SF 


+ =2. 
AD AD BE BE CF CF 


Problems. Verify the cases when S coincides with G, H, O, 
I, I, Iz, Ts; and N (nine-point center). 
First illustration. Let S become /. 





r 2bc cos $A 
A[=—— and AD=———_—_. 
sin 34 b+c 
Hence 
Al r(b+c) r(cta) r(at+b) 4A 
ro PW Sa as 3 be a 


AD 2bcsin}Acos$}A acsinB absinC 2A 


Second illustration. Let S become J; (excenter opposite A). 


2be cos $A 
Al,=nr, cosec }A4, AD=——————,; 
b+c 








EEN > an 
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2ac sin 3B 

Blh=n sec +B, BE=——————_ 
c—a 

‘ 2ab sin $C 

Clh=n sec $C and CF=— ; 
—a 


Hence 





AN _ ri(b+c) sie—8 .—« 
AD 2A 2A 2A 
The application to the other points is left to the reader. 


The following problem is taken from Hobson’s Plane Trigo- 


nometry, article 157. 
If S coincides with H, show that 


AD’ BE’ CF’ P 
AD’ BE CF | 
Since DD’ = HD, we have 


AD! 
>» 


AD 





AD HD 
oils F —— a $+ 
aT, 


by theorem I. 
Again AD’=2R cos (B—C), AD=2Rsin Bsin C, BE’=2R 


cos (C—A), etc. Hence 


sin B sin C+cos B cos C 


AD’ 
—_= ————- = 3+4+1=4. 
X AD 2X sin B sin C 





Problem. If S becomes O, the sum of the ratios also equals 4. 
For AD’ =2R and 


a = 
cos (B—C) cos (B—C) 
Hence 
AD’ cos (B—C 
_y cos (B-0) _, 


AD sin B sin C ~. 


> 


as above. 
The sum of the ratios, when S becomes O, is also evidently 
equal to 4, since triangles on lines AO and AH produced are 


similar right triangles (see Fig. 2). 
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MISCELLANY 


Let S become J. Then AJ =(s—a) sec $A and AJ,=s sec 3A. 
Hence 


, b+c 
AD whl + Algo sec}4 and AD-AD'=bc, 


since 


2bc cos 4A 


b+c 


AD= 





Fic. 2 


This product is also evident from the similar triangles AD’B 
and ACD (see Fig. 3) since angle at D’ equals angle at C, or by 
means of triangles ABD and AD’C. Similarly BE- BE’ =ac etc. 
Again 

















b+c 2bc-cos $A a? 
DD'= — = _—- 
2 cos $A b+c 2(6+c) cos $A 
Thus 
DD’ a? 
AD’ (b+c)? 
Hence 
DD’ 
Zz <3 
AD’ 


and of course 





















Deo De : 


A Dz (see Fig. 3)= 


2(b—c) sin }A_ 
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AD’ 
eek. 
DD’ 
Also, 
DD’ a . ye a? 
AD Abc cos? 3A - AD “ 4bc cos? 3A 
Again, 
AD’ (b+)? a*+2bc-cos A+2bc a* 
AD 4bc-cos? 14 4bc cos? 3.4 7 4bc-cos* 3A 
and 
: AD’ a” 
eid >. - 
X AD a 4h 
D, 
Fic. 3 
Again 
| AD A4bc-cos*4A_ 2bc(1+cos A) 
) = —_= - <3(1+ cos 1), 
AD’ (b+)? (b+c)? 
. since (b+c)?>4bc. 


Let S become /, (excenter opposite B). Since 


2bc sin 3A ‘ —¢ 
? ADs as > 
—<€ 2 sin 5A 
a? _ 2ac-cos 3B . cta 
BE= » BE'= 


ct+a 
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_ 2ab sin $C a a—b 
EE’ =——_—_—_—————__;, CF,=———__CF,'=—— - 
2(c+a) cos 3B a—b 2 sin 3¢ 
and 
Foy! s 
sak se 2(a—6) sin $C 
therefore 
AD,’ a* 5? e* 
x eee + —1, 


AD, 4bcsin? $A 4ac-cos?3B 4ab sin? $C 
and similar expressions when S becomes /, and /3. 
Also, 
D2D»' a” b? c? 





AD, (bo (¢4a)* "(a8)" 





be 


when S becomes /s, and similar expressions when S becomes 
I; and Ts. 

That BE-BE'=ca, is evident from the similar triangles 
BE'C and BAE or BCE and BE’A (see Fig. 3). It is easily 
shown that triangles AD’D,’ and ADD, are similar. Hence the 
product of the two segments AD and AD’ equals the product 
of the two segments AD, and AD,’, viz. bce. 

Theorem ITI. 

AS BS CS 
—+—+—— 36, 
SD SE SF 
We have 
AS AE AF? 
—— 
SD EC FB 


and hence 


) » 


AS > (2.2) AB+EC: | AP" FB BD*+ DC" 
SD EC FB/ AE-EC AF-FB~ BD-DC 


Since 


AF?+EC?>2AE-EC, etc., >> ——26. 
SD 
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If S becomes 7, we have 
AI ¢ b b+e 
ID a a “ a 








and hence 
r= Al >< 
Again 
r 
so 
sin 3 
and 
2bc-cos $A r _ 2A-r(b+e) 
crt tnrinitigiligeiennnenserer 
b+c sin 3A ~ (b+0) sin 3A 
and thus 
Al b+e 
ID a 
as above. 


AS 
There is only one point S such that SD 


come H, then 


A +cos* B+cos? C 


—>6. 


cos? 


cos A-cos B-cos C 





If S becomes O, 


Theorem IV. 
AS BS CS_| AS 
SD SE SF — 


ms6 UGS 
Proof: 


AE AF\/BD BF\ (CE CD 
(za) (sera) (Za) 
EC’ FB) \pc° FA) \EA” DB 


AF BD CE 


= r+ mati meenriy corwonall 


FB DC EA 


~ (be) sin 3A 


ae 
SD SE SEI 
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ra 


Let S be- 


AE CD BF 


EC DB FA 
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which evidently equals the sum of the ratios plus 2, since each 
of the products equals unity by Ceva’s theorem.’ 
Problems. Show that 


a a+b b+c cta 


>> —+2= foes Sia 


b c a b 
if Sis 7, and that 
cos s 3(B— C): “cos 4(C— A): cos (As A — B) 


—— —>8. 
sin 3A -sin 1B. sin 1C 





We may put 6+c/a (see theorem III) in the form 


2R s sin B+2R sin C cos 4(B—C 3 
—— which equals —————_ 
2R sin A sin 3A 





_ 


The proof follows by using theorem IV. 
Problem. If S becomes H, 


1 
the product of ratios = 
cos A-cos B-cos C 


Hence, show that cos? A +cos? B+ cos? C+2 cos A-cos B-cos C 
=1if 4+B+C =180°. It is evident that 
b-cos A c-cos B-cosC 
Ag=— wit sDo— . 
sin B sin C 


The proof follows using theorem IV. 
Problem. If S is O, show that the product of 
cos (B— “C): cos (C-. A): “cos (. 1—B 


the ratios = ———— - 38. 
cos A- cos B-cos C 


Problem. If S coincides with the four (4) Nagel points in 
turn, we have the product of the ratios as 
4R 4R 4R 4R 


— ——-—y - — 


r Tr; Te Tr; 


respectively .* 

Let \; be the internal Nagel point and D, E, F the inter- 
sections, of the lines from vertices through N;, with the sides 
of the triangle. 


2 See Altshiller-Court, article 245. 
3 Altshiller-Court, article 243. 
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AS s—b s—-e a 
-= = » etc. 
SD s-—-a s-—a s-—a 


Then 


Hence the product equals 
abc abcA 4R 
(s—a)(s—b)(s—c) 7 sr(s—a)(s—b)(s—c) oy 


Thus the sum of the ratios in the respective cases is by theorem 
IV, 4R/r—2, etc., and the total product of the four products is 
256R'/ A’, while the total sum of the sums is 8(R/r—1). 

All that has been stated concerning the four (4) Nagel points 
is also true of the four Gergonne’ points, for these eight points 
form four pairs of Isotomic conjugate points.° 

Problem. Let S coincide with the Symmedian or the Lemoine 
point.® 


Then 
AS 6?+c? 
SD a? 


a” 


AS 
» etc., and hence = > 6. 
2X SD » b? 


It is easily verified that 


a’ (a®+ b*)(b?+c?)(c?+<a’) 
2—t2= — 
b? a*b*c? 

Theorem V. If two triangles ABC and SBC have the same 
base, their areas are to each other as the segments formed on 
the line joining the vertices by its intersection with the com 
mon base.’ See Fig. 4. 








Fic. 4 


4 Johnson, Modern Geometry, article 291 

+ See Mathematics Teacher, Vol. XX1, No. 3, March, 1928 
* Altshiller-Court, page 228 

7C. V. Durell, Modern Geometry, theorem 5 














n 
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Application of the theorems I to IV to V (the nine-point 
center) has been delayed till now. 
Using theorem V, it is easily seen that 
ND cos (B—C) 


" =j,(1+cot B cot C), 

AD 4sin Bsin Cc 

with similar expressions for VE BE and NFUCF. Hence, 
_. ND 
> —=}(3+1)=1. 


1D 
See theorem I. Again, 
AN 3-—cot Beot C 
ND- r 
Also, 


AN 
and >> Th 1)=2. Theo. II 


AN .3—cot B cot C 
ND | 1+cot B cot C 


ps 6, Theo. IIT. 
And 
BD area BNA c¢-cos (A—B)* 
DC area ANC 6-cos (C 1) 
Let S become O, then 
BD area BOA ¢-cosC 


DC area AOC b-cosB 


which equals DE/FD, where DE and FD are sides of the pedal 
triangle of /7. There are similar proportions for sides CA and 
AB, viz. 


CE EF AF FD 
= and = 
BEA DE FB EF 
If S becomes // we get the trivial case, 
BD ccosB 
DC 5 b-cos C 


Problem. Let AD and AD, be the trisectors of angle A, with 


AD nearer to AB. Then 


5 Example 19, page 13, Higher Triconometr y, Durell and Robson 
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BD csin}A BD, csin 3A 
— = ——__—. and - = —____- 
DC bsin?A D,C bsin4A 
Hence 
BD-BD, @¢ BD-D,C 1 A 
ee and eer ap sec? mums 
DC-DC Pe BD,-DC 4 3 


(See example 10, page 13 in Durell and Robson.) 
In Fig. 1, let S become 7. Then we have the areas DEC, 
EFA, FDB and DEF as 


abA bcA ac , 2abe 
———---— -. , —————— and ———___—- 
(a+c)(b+c) (a+b)(a+c) (a+b)(c+6) (a+6)(b+c)(c+a) 
respectively. 


Let the intersection of DE with CI be denoted by R, EF with 
Al by P and FD with BI by Q. Then 
FR 2 EQ 2b DP 2a 
—_ = ’ —— > — —__—_ anc —__ = ’ 
RC a+b QB ate PA b+e 
by theorem V. This is an example suggested in Hobson’s Plane 
Trigonometry, page 197. 
Problem. Show that CF cuts DE so that 


DR ate 
RE c+b 
Similarly 
EP at+b FQ b+e 
= and — = 
PF ate QE b+a 


Again, in Fig. 1, let S become H, then areas CDE, AEF, 
BFD, HDE, HEF and HFD are A cos? C, A cos? A, A cos? B, 
A cos? C cot A cot B, A cos? A cot B cot C andA cos? B cot C 


cot A respectively. Hence using theorem V, CR/RH=tan A 


tan B, AP/PH =tan B tan C and BQO/QH =tan C tan A and 
>-AP/PH => tan B tan C. 

Problem. Find the ratios DR/RE, EP/PF, FQ/QD. Again 
let S become O and show that CR/RO = tan A tan B in the figure 
CA'OB’ where A’, B’, and C’ are the mid-points of BC, CA 
and AB. 

Again, let S become G and show that CR/RG =3 and that 
DR/RE=1. 
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Again, let S become H and show that 
DP 2cos BcosC 


AP cos A 
Problem. Show that, if S becomes H, 
adnan eta AH-BH , 





bc ca ab 


See Hobson, Plane Trigonometry, example 2, page 198. Since 
BH-CH sin A and bc sin A are twice the areas BHC and A re- 
spectively, etc., we see that the statement is true. 

Problem. Triangle DEF is formed by joining the feet of the 
altitudes, and D’E’F’ is formed by the tangents to the circum- 
circle at A, B and C. These triangles are similar with corre- 
sponding sides parallel. Show that area of DEF equals R? tan A 
tan B tan C, and that area of D’E’F’ equals R?/2 sin 2A sin 2B 
sin 2C and hence show that the product of these areas equals 
the square of the area of triangle ABC. 





PROGRESS OF AVIATION 


In rows of neat black type the progress of American commercial avia- 
tion is presented by the current report of the U. S. Bureau of Air Commerce 
in Washington. Many people will be interested in this latest feeling of the 
pulse of air transport. 

If you ask the question ‘‘How safe is airline travel?’”’ you will find that 
the record in the first six months of 1936 is already worse than for the 
whole 12 months of 1935. Fifteen paying passengers lost their lives in 
1935, for example, while 25 have already been killed from January to 
June, 1936. Not yet achieving the volume of railroad, automobile or 
steamship traffic, air transport can be expected to have larger variations 
in its mortality records. 

If you want to know how big an employer is the commercial aviation 
industry today, there are the figures. Keeping 422 transport planes in the 
air requires 692 pilots, 432 co-pilots, 2,714 mechanics and riggers, 1,535 
hangar and field personnel, 264 hostesses, 41 stewards and 3,392 office 
workers; in all, 9,070 persons. 

Records were broken. All the following items exceeded the January- 
June, 1935, comparative figures: 


ili Pa in alae wh nla seul api wie WES ewe ide 33,523,075 
so. cans cacnensevernekusdates bone 483,712 
i ssc ckcenawesabideeceneeey ed 204 , 501 ,624 
SNS GRUTIGE GOOUMEE)... 6.5 2c icccccnevdvcssescones 3,548,075 
es os sins bet dmidiad cee Caw en 8,297 ,885 


Average speed on all airlines was 147.5 miles an hour. 
Average length of passenger trip was 425.8 miles. 


Of available seats 59.33 per cent were used. 
—Science Service 








COMBINATION OF A SHADED POLE AND 
LENZ’S LAW DEMONSTRATION 
APPARATUS 


By DELMER KIMBERLING 
2413 W. 9th Ave., Kearney, Nebraska 


Secure enough silicon steel laminations from old transformers 
or under the name of stove pipe iron, from a sheet metal shop, 
to make a pile 8”"X2”X2”", each lamination being 8”X2”. In 
each of these laminations cut a slot }” wide and }” deep, to 
form the slot in the end of the core as shown. The slot is per- 
pendicular to the plane of any one lamination. Shellac each 
lamination and put the core together; that is, as they are shel- 
lacked pile the laminations in their proper arrangement to give 
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Fic. 1. Side View of Coil and Core Fic. 2. Top View of Coil and Core 























the slot in the end of the core. Put a layer of 1/16” cardboard 
around the core, being sure that the laminations are sufficiently 
wet with shellac to stick to the cardboard, or put glue on the 
cardboard. Bend the cardboard squarely at the corners and lap 
across one side of the core, so that on that side there are two 
layers of cardboard. Glue the cardboard together here, and al- 
low the whole core to dry and become rigid. 

Make two wooden coil-end pieces out of wood }” thick. Make 
them 5” square with a window just large enough to fit snugly on 
the core. Shellac these pieces well and allow them to dry. On 
two adjacent corners of the coil-end which is to serve as a base, 
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mount the two terminals. It is best to have terminals which bolt 
up from the bottom. Countersink the heads of the bolts into the 
coil-end and cut a groove from one of the heads over to the 
window. In the groove just before it reaches the window drill a 
1/16” hole to the top side of the coil-end. 

Glue the bottom coil-end to the core opposite the slot in the 
core, so that this end of the core and the bottom side of the 
coil-end are “‘flush.”’ Glue the other coil-end to the core at a 
place so that the distance between the coil-ends is 1}”. Allow 
the glue to dry well. 

Wind the coil now. It consists of 500 turns of 416 D.C.C. 
wire wound between the coil-ends. To begin winding put one 
end of the wire through the 1/16” hole in the base from the 
upper side and lead it in the groove on the bottom of the base 
over to that respective terminal. Solder this end of the wire to 
the terminal bolt. Wind a layer of wire across the coil, winding 
tightly and close together. Put a layer of heavily shellacked 
paper or paraffined paper over the layer of wire and continue 
to wind, back across the coil and always in the same direction, 
another layer of wire, then a layer of paper, and another layer 
of wire until there are 500 turns of wire. Bring the wire around 
close to the terminal which is unconnected, and drill a 1/16” 
hole through the base for the final lead to the coil. Cut the wire 
off, put it through the hole, and cut a groove in the under side 
of the base over to the terminal. Put the wire in the groove 
and solder it to the terminal. 

Cover the coil, if desired, with heavy flexible cardboard. Bind 
the top of the core, around the slot, with adhesive paper or tape 
to keep the cardboard from fraying. Black paint, suitable for 
painting electrical apparatus, can be made of varnish and lamp- 
black. 

The shader coil, which fits in the slot of the core as shown in 
the diagrams, is made from a strip of copper 1/16”"X3"5". 
Bevel the ends of the strip of copper, bend it into shape so that 
it may be removed easily, and solder the ends together. This 
must be a low electrical resistance joint, so in soldering it heat 
the copper and let it melt the solder. Apply plenty of heat and 
plenty of solder. File some of the solder away, if it is in too 
great an excess. 

Make an aluminum disc }” thick and 4}” in diameter. In the 
center cut out a square hole large enough so that it fits over the 
core and has about }” in excess on each side. Make two more 
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aluminum discs }” thick and 3” in diameter. One of them is 
complete, but saw slots in the other as indicated in the draw- 
ings. Another aluminum disc must be made, }” thick and 43” ) 
in diameter, a hub inserted at its center and a shaft supplied, so 
that the disc is free to rotate on the shaft. | 


(7) 
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Fic. 3. Ring for Core Fic. 4. Solid Disc 
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Fic. 5. Laminated Disc Fic. 6. Disc and Shaft 
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AaecCe 
I, Lenz’s Law. Aluminum ring thrown off of core 
by opposing currents set up in it. Ring offers a great 


resistance to being held down and gets very hot due 
to heavy induced current. 
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If sheet aluminum }” thick is not available, the parts may 
be cast in a tin can and turned down, or filed and sawed down, 
to the proper dimensions. Old aluminum car pistons are a 
cheap source of aluminum. They may be melted in a large lead 
ladle over a coal fire in a stove. The tops of the pistons will 
make some of the parts. 


II. Shaded Pole 
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Solid disc affected by shaded Shaded pole causes rotation 
pole. Laminated disc is not of disc. 
affected. 


III. Induction 
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#4 Copper Wire #8 D.C.C. Wire 


This apparatus is comparatively powerful and produces 
definite and forceful results. For instance, the ring, as used in 
the demonstration of Lenz’s Law, is thrown about 3} feet 
above the apparatus. The spark produced by induction in the 
induction demonstration can be seen and heard anywhere in the 
largest classroom in the daytime. The buckling of the #8 D.C.C. 
wire because of the attraction of the turns, in this demonstra- 
tion, is decidedly obvious. This machine operates directly from 
the 110 A.C. socket. 





FLORIDA LEMONS IN U.S.S.R. 


Three thousand cuttings from Florida lemon trees are growing in the 
hot-house citrus plantation near here, where Soviet scientists are studying 
citrus culture. Other lemon trees have also been brought north from the 
Soviet sub-tropics, and by 1937 the citrus farm is expected to have 20,000 
trees. 








BIOLOGY IN THE SECONDARY SCHOOL 
By Press_ey L. CRUMMY 
Biology Department, Juniata College, Huntingdon, Pennsylvania 


Biology, the science of living things, is a subject that above 
all others should attract the attention and arouse the interest 
of the student. It is an axiom of pedagogy that interest in a 
thing will act as a stimulus to the study of that thing. Unfor- 
tunately the high school student sometimes sadly lacks interest 
in his school subjects. That such a situation need not exist is 
proved by the fact that even the poorest students will often 
become interested in some particular course and start to work 
on it. 

It seems highly probable that certain courses fail to arouse 
interest because of their inflexibility and the failure of the in- 
structor to recognize and give due credit to ingenuity and in- 
dividual interests on the part of the students. After all some 
attempt must be made to take into account the fundamental 
biological law of variation. No two students have exactly the 
same interests. It is probably true that to arouse the interest 
of all of the students in a given class would be impossible. In 
a subject with such a broad aspect as has biology, however, even 
this may be within reach. 

According to the Report of the Commission on the Reorgan- 
ization of Science in Secondary Schools, appointed by the Na- 
tional Education Association, a high school biology course 
should include a knowledge of the way living things maintain 
themselves and their species, the interrelations between organ- 
isms and groups of organisms, the dependence of living things 
on the physical world about them, and the power of man to 
control the habits and relationships of plants and animals to 
serve his own needs. It has been the experience of the writer 
that these objectives can often be reached by various procedures 
other than, or in addition to, the formal biology course. Such 
procedures are designed to utilize the special interests of the 
students in so far as these interests can be determined. Above 
all the students’ efforts in a particular phase of biological en- 
deavor must be recognized by the instructor in some manner, 
perhaps best by awarding extra credit for high quality work. 

In order that such a program of catering to special interests 
might be successfully carried out some definite system of rela- 
tive values must be worked out. The writer proposes the follow- 
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ing system, most of which has been tested and proved to be 
successful by him during his experience in high school work. 


FALL SEMESTER 


Required of every student 


Daily class work............. Maximum credit... 
Periodical quizzes............ Maximum credit. . . 
Final examination. ........... Maximum credit... 
Laboratory or other notebook... Maximum credit. . . 
Biological scrapbook. ........ Maximum credit... 


Optional work for extra credit 


Nature project...............Maximum credit.... 
Brief special reports or studies. . Maximum credit... . 


Books reports on approved 


books of biological interest... Maximum credit... . 


SPRING SEMESTER 


Required of every student 


Daily class work.............Maximum credit... 
Periodical quizzes............ Maximum credit. . . 
Final examination..... ......Maximum credit... 


Laboratory or other notebook. . Maximum credit... 
Semester essay on a selected 
and approved _ biological 


A er ee Maximum credit.... 


Optional work for extra credit 
Nature project..............Maximum credit... 


Brief special reports or studies. . Maximum credit... . 


Biological scrapbook on current 


material only.............. Maximum credit.... 


Book reports on approved 


books of biological interest... Maximum credit... . 


.50 points. 
.50 points. 
.25 points. 
.25 points. 
.10 points. 


0ints. 


25 
5 points. 


I 
I 


5 points. 


.50 points. 
.50 points. 
.25 points. 
.25 points. 


i) 
Jt 


points. 


.25 points. 


5 points. 
5 points. 


5 points. 


This system may appear to be somewhat complicated but 
in actual practice it proves to be quite simple. The record of 
each student must show the number of points earned by him 
and the total number possible depending upon the work he has 
done. When necessary, points may be readily transposed into 
percentage by simply dividing the number earned by the total 
number possible. A simple, low-priced slide rule serves this 


purpose very well. 
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A word of explanation may be necessary in regard to the 
items Biological Scrapbook, Semester Essay on a selected and 
approved biological topic, Book Report on approved books of 
biological interest, Nature Project, and Brief Special Reports or 
Studies. 

The Biological Scrapbook is composed of clippings of bio- 
logical interest, pictures and news items taken from newspapers 
and magazines. Students in general seem to like this sort of 
thing. The scrapbook should be neat and well organized. If, 
perchance, there should be a Scrapbook Club in the school cer- 
tain of the students could well use their biology scrapbook for 
their club project thereby combining two worth while activities. 
It seems advisable that the Scrapbook be one of the optional 
activities of the biology students during the spring semester and 
that it be restricted to the acquisition of current material only. 

The Semester Essay should be of sufficient length to require 
considerable work on the part of the student, perhaps five to 
seven pages long, and might well be designated as a “research” 
problem rather than Semester Essay. In this respect the term 
“research problem”’ would be construed to mean the acquisition 
of new knowledge only in so far as the student is concerned. 
Above all else it should deal with a subject that is of interest 
to the student, something that he wishes to learn more about. 
The writer has experienced numerous pleasant surprises in the 
results submitted by rather mediocre students. The essay, 
furthermore, offers an excellent opportunity for codperation 
between the biology teacher and the teachers of other subjects, 
for example, the teachers of typewriting, English, woodwork, 
and home economics. Typewriting students often glory in their 
ability to use the typewriter and enjoy writing their essays in 
this manner. English teachers will in many cases welcome this 
essay as an application of their theme writing practice and can 
well afford to give the biology students some special recognition 
in their English work provided that the essay meets their re- 
quirements. Material for the essay may be found in reference 
books, pamphlets, and textbooks. In many instances the stu- 
dents will also have access to first hand information through 
their parents and friends. The teacher will be able to suggest 
suitable topics but should not assign them arbitrarily. They 
should be selected by the student according to his own wishes. 
In order to prevent the slower. students from getting a late 
start on their subjects it is necessary to have a final date for 
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the selection of titles. It is also advisable to have partial reports 
of progress from time to time in order to prevent last minute 
rushes. A few suggested titles are listed below. 


Suggested Topics for Semester Essays 


Useful bacteria and their importance to man 

Harmful bacteria and their importance to man 

The big redwood trees of California 

Different kinds of building woods, where and how they grow, 
and their uses 

The evergreens 

Microscopic animals 

Fungi and their importance to man 

Termites, their life and importance to man 

The clothes moth, its life history and methods of control 

Breeds and care of dogs 

Meat packing 

Dairying 

Poultry raising for profit 

Whales and the whaling industry 

Life in an African jungle 

Monkeys, kinds and habits of 

Varieties and care of house plants 

Vegetable gardening for fun and profit 

Breeds and care of tropical fish 

The silk industry 


There are so many good books of fiction and of non-fiction 
that are based on interesting and enlightening biological fact 
that a beginning biology student should be introduced to them. 
In many schools it will be possible to arrange with the English 
department for the biology students to receive credit for read- 
ing certain of the best of this type of book. In any event the 
biology instructor can plan to award extra credit for reports on 
approved books. Under no circumstances should the reading of 
these books be made a requirement for that is too apt to destroy 
the incentive to reading an otherwise enjoyable book. Numerous 
sources of information concerning suitable books of this type 
are to be found, for that reason no space will be devoted to that 
purpose in this paper. It is sufficient to say that such writers 
as de Kruif, Beebe, and Akeley have done more toward for- 
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warding interest in biology than many of the high school 
biology courses ever have done. 

There is no doubt that the biology student should be taught 
to study nature rather than books about nature and to that end 
the writer advocates the Nature Project. Every student should 
be encouraged to take up a study of some phase of nature. It is 
usually difficult to find time in an inflexible schedule to take 
class field trips during school hours and when it is possible it 
is not always advisable. Too often class field trips are nothing 
more than hikes by means of which the students escape the 
drudgery of other classes. A few students with a common in- 
terest can learn more by themselves in an hour than a whole 
class can in several hours even with the help of the instructor. 
Here again it seems a waste of the students’ time, to say nothing 
of the teachers’, to require everyone to study a Nature Project. 
With sufficient encouragement and help from the teacher and 
with adequate rewards for work well done the student can find 
much genuine enjoyment in working up any of the numerous 
phases of nature study and many will thereby become interested 
in this fascinating study. Several of the biological supply com- 
panies offer free service leaflets that will suggest projects and 
techniques to the wide-awake biology instructor. 

From time to time during the formal biology course topics 
will present themselves which are of sufficient interest to create 
a desire in certain students for further investigation. Brief 
special reports or studies will usually provide an adequate outlet 
for and means of recognizing this desire. These reports should 
not be assigned but must be a result of the students own initia- 
tive with encouragement from the teacher. 

In opposition to the system herein proposed, it might be 
said that students should not be taught to work for credits. 
That may be true but such a view of a system of rewarding the 
efforts of the students does not take into account the necessity 
of arousing his interest. Once that interest has been aroused he 
will delve further into the subject on his own volition but it 
becomes the duty of the teacher to supply the original incentive. 
The Biology Club offers an opportunity for the already in- 
terested student to continue his own private inquiries. The 
place of the modern teacher has become one of supervision and 
guidance. No longer is he a driver, forcing his pupils to do this 
or that because he thinks they should do that thing. 



































TIME ALLOTMENT FOR NINTH AND TENTH 
YEAR MATHEMATICS 


By RALPH BATES 
Principal, Cerro Gordo, Illinois 


Among the numerous activities of school life none are more 
important than those of the class period. In spite of the amount 
of assigned home work most of the learning the high school 
pupil gains is from his classroom experiences. The highest effi- 
ciency of our schools cannot be reached until teachers have 
learned to make every minute of the class period contribute 
toward the achievement of results. Such an efficiency can be 
gained only after very careful planning of each minute of the 
period. A rather definite idea of the amount of time to be al- 
lowed in general for the various activities is helpful in this plan- 
ning. The following time allotment has been found satisfactory 
for ninth and tenth year mathematics. 

A definite teaching procedure should provide for exploration, 
assignment, discussion, drill, recitation, testing, review, and 
routine. Although these require different treatment in the class 
room, they may be divided into three groups for time allot- 
ment, each group on the average consuming an equal amount 
of time. Exploration and assignment make up the preparation 
group; discussion and recitation, the contemplation group; and 
drill, review and testing, the fixation group. Naturally these 
groups deal with a unit in the order named and when home work 
is assigned the class period ends with the preparation group, 
beginning the next class period with the contemplation group 
and finally the fixation group. If an equal amount of time is 
allowed for each group the class period presents an appearance 
quite different from the old question-answer recitation. 

In general the units of study can be divided into daily units. 
The last third of the class period is devoted to the preparation 
group. It opens with exploration, the teacher orally questioning 
to ascertain the knowledge of the unit to be assigned—a few 
minutes here may save many later. The assignment should 
begin with the teacher stimulating interest by indicating the 
need of the knowledge, or the history of the units, or the applica- 
tions, or very often mathematical philosophy arouses the high 
school pupil. The approach is then made either inductively or 
deductively to the work of the unit. 

The average high school pupil can pick up all the new ideas 
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the unit contains in a few minutes. His home work then con- 
sists of practice. As soon as the pupil has had the type of prac- 
tice required demonstrated clearly to him he begins on his work. 
At this time five to ten minutes of the period remains and it 
amounts to a short supervised study period, the teacher going 
among the pupils to see that the work is started correctly, 
offering individual suggestions here and there or even stopping 
the entire class to make general suggestions. This procedure 
allows the students to work every minute until the bell rings, 
and then to be dismissed exactly when the bell does ring, a 
point that has considerable importance. 

In general the high school student enjoys assuming, carrying 
out, and completing a responsibility. If his assignment is pre- 
sented to him as a responsibility which he is entirely capable 
of carrying and if he is given a good start at it, he will be very 
apt to finish it. In making assignments to ninth and tenth year 
students the teacher must never lose sight of the fact that they 
are imitators not originators. Adolescents are not loafers by 
nature, quite the opposite, and when they are found, as a 
group, watching the clock, twisting in their seats, catching the 
eye of their neighbor over an opened mathematics book, it is 
only because a thoughtless teacher has called to them on their 
way out of class to take the next couple of pages for the next 
day, thereby committing a multitude of sins in teaching the 
children to shirk at beginning a task, to be listless in doing it, 
and to never complete it. 

The contemplation group opens the next class period. This 
is the time for discussion and recitation. The value derived from 
the discussion depends both on the personality of the teacher 
and on the training the pupil has received in regard to discus- 
sion. Ideally the discussion period consists of the pupil’s ques- 
tions and the answers to those questions which are ‘‘drawn out,”’ 
so to speak, of the pupil asking the question. Actually, in a 
large percentage of classes the invitation for the student to 
question meets with no response. Here again the fault in general 
lies with the teacher for the adolescent is usually inquisitive. 
In the first place the teacher should be careful in responding to 
a question—a pleasing response will bring more questions—an 
unpleasant response will kill the questions entirely. The high 
school pupil oftentimes asks such obvious and absurd questions 
—at least they appear so to the teacher—that a great deal of 
patience is required. A good rule is, to let the class be the judge 
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of the obviousness or absurdity of the question. They are 
better judges and if they hear questions that are absurd or 
obvious their reaction alone will kill that kind of question—no 
effort in the way of sarcasm, etc., is necessary from the teacher. 
With a little questioning from the beginning of the year the 
teacher can train the students to have definite questions. The 
habit of using the first minutes of the period before the bell 
rings to assemble questions can easily be established. This 
makes for economy in starting class and it helps to instill the 
habit of beginning a job on time. About ten minutes can be 
allowed for discussion. Very often it will happen that the prep- 
aration group does not ‘“‘hit the nail on the head” and the 
contemplation group finds most of the class in trouble with their 
assignment. Economy may be practiced; good results obtained, 
by setting all to work at their seats, the teacher and two or three 
good pupils going among the rest and giving individual help. 
This not only accomplishes the immediate end in view but is 
excellent character training for both the helpers and the helped. 

Five minutes is long enough for the recitation which is very 
formal. The class may be warned the day before of the topics 
to be presented for recitation or they may even be assigned 
definitely. Such topics should be general and fairly inclusive of 
the type “How Angles Are Measured” or ‘““What We Have 
Learned About Solving Equations.” The student is given com- 
plete control taking his position before the class and using the 
black board or other apparatus to demonstrate while he talks. 
The teacher may be seated at the back of the room. Let the 
class do the criticizing after the recitation—they have fairly 
keen perception—their criticism can be understood, and will 
be taken in good faith. 

The fixation group takes the middle third of the period and 
is most economically and valuably done if it is written. Short 
objective tests are either made out or purchased that contain 
both drill and review. These tests may occupy ten to fifteen 
minutes of every class period to great advantage. Every one 
benefits, every one is treated fairly and it can be done quickly; 
a definite objective grade is given each pupil each day. The test 
can be of the type that can be self checked before being handed 
in so that the teacher need only examine the papers and record 
grades. Naturally this makes more work for the teacher but for 
the average teacher, the more done outside class and less inside 
class the better it is for the class. A point system of grading 
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can be adopted very easily wherein the student records his 
own grade each day. He then knows how he stands daily. 
After a time these tests can be standardized in a measure and 
grades guaranteed to the student for certain points earned. 

The routine work should not occupy any of the class period. 
It may be done by students just before class begins. A secre- 
tary takes the roll, makes a record of it and checks excuses for 
absence or tardiness. A monitor collects and distributes papers 
and materials. These jobs should be passed around among 
capable students and can be looked upon as privileges. 

Ideally a good class would be one that would progress with- 
out the aid or even presence of the teacher. Ordinarily no at- 
tempt is made to realize this until the student is doing advanced 
graduate work. Actually, of course, it can never be realized in 
high school, but it may be closely approached. A class conducted 
on the time allotment suggested above goes forward with the 
teacher very much in the background. As the students become 
familiar with the plan the teacher may retreat even further. 
The class goes forward to the end that mathematics and citizen- 
ship are both well taught. The text plays no important part—a 
point that is extremely important, expecially in algebra courses 
where authors apparently refuse to write books containing any 
algebra. 

The day of the recitation is gone—the day of mathematics 
for high school students is going unless mathematics teachers 
begin to teach real algebra and geometry with their philosophic 
viewpoints in such a way that the mathematics class becomes 
one of the best opportunities to teach citizenship. 

Such is possible since teachers are awakening to the fact that 
real citizenship is a matter of behavior rather than a succession 
of patriotic facts. 


WHITE COLLAR JOBS IN MEDICAL FRINGES 


Unexplored opportunities for white collar workers lie on the fringes of 
the medical profession. R. O. Beckman, labor assignment adviser for 
W. P. A., points out in the current issue of Occupations. 

Many of the more intelligent stenographers now crowding that voca- 
tion could find ready employment if they were trained in medical termi- 
nology and able to take medical dictation, he indicated. Another field of 
increasing opportunity is that of the medical photographer. Without 
special training, the ordinary photographer is not able to do acceptable 
medical work, involving as it does meticulous accuracy and attention to 
detail. The medical artist and museum worker is also in a field of small 
competition and interesting work. 
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A SURVEY OF PROCEDURES IN PLANNING 
ELEMENTARY SCIENCE CURRICULA 


By Davip W. RussELL 
National College of Education, Evanston, Illinois 


With the increasing importance of science in the grades dur- 
ing the last decade, curriculum specialists and teaching tech- 
nicians have been busy experimenting with phases of the science 
curriculum and its application. Many purposes, or objectives, 
have been assigned to justify elementary science and several 
plans have been tried to establish a sound basis for a logical 
elementary science course of study. One of the popular ones is to 
provide an early science program that will develop in the child 
the practice of scientific thinking. This is a scientific age, it is 
claimed, so scientific thinking and scientific methods should be 
employed by children just as early as possible. Different plans 
have been devised to accomplish this but science has not been 
in the grades long enough to measure the outcomes in an ac- 
ceptable way. 

Some advocate science in the grades as a means of preparation 
for the junior high school. They rightly assume that young peo- 
ple in the grades can actually learn considerably more factual 
material than is usually required by present day achievement 
standards. So it seems advisable to the factualists to arrange 
science units in the grades to instill a good foundation for the 
work that is to come during adolescence. It is claimed that the 
standards of achievement can be raised and a better academic 
training can be provided in science throughout the secondary 
school. The assumptions are reasonably true but the plan is 
not accepted by the curriculum builders whose concepts of 
education stress social growth with less emphasis on factual 
achievement. 

The early curricula makers believed that the important 
scientific material suitable for children evolved around nature 
study material, so the emphasis was put on the nature study 
programs. From this plan there developed two general kinds of 
curricula, stress on identification, and emphasis on environment. 
In courses of study of the first type children are required to 
know the names and be able to identify a certain number of 
birds, trees, shrubs, insects and other items of a biological and 
botanical nature. In one instance fifteen new trees, among other 
things, are assigned to each grade beginning with the third. 
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Sometimes other topics are woven into the program with simple 
laboratory techniques introduced into the classroom work. The 
contents of the courses are determined by the judgment of 
adults and advice from other sources. Interesting science lessons 
developed as a result of this plan. As children are learning to 
identify the trees and birds and shrubs, incidental lessons are 
bound to develop from the arousing of curiosity alone. Just how 
valuable this is, is difficult to say though the introduction of 
elementary school science laboratories answered a need except 
when the plan involved the use of technical names that are 
meaningless and useless to the child. 

Identification is a small part of the science program accord- 
ing to the environmentalists. They assure us that young people 
should have a real appreciation of their environment and should 
use materials for study that come from under the ground, on the 
ground, and over the ground as well as teaching scientific prin- 
ciples employed by the child in his school and home. Since he 
subject matter suggested by the identificationalists is closely 
allied with environmentalists, many of the courses of study 
have taken a decided turn for less identification, less naming of 
parts, and more stress on the factors of environment. For 
healthy mental and physical living a child develops a broader 
view by being well acquainted with the interrelationships of 
his environment. Critics sometimes suggest that over-stress on 
environment eliminates some of the necessary scientific ideas 
that are worthwhile for children to know and to practice. Con- 
sequently they advocate more of the physical sciences for the 
curriculum. This trend has been further accentuated by unus- 
ually stimulating toys now available for children. Many of these 
employ principles of electricity, chemistry, and other of the 
physical sciences that children are able to understand. So we 
find magnetism, thermometers, simple principles of electricity, 
beginning chemistry, and phases of photography in elementary 
science courses of study. It is not uncommon to find that chil- 
dren, as a result of interest developed by mechanical toys, have 
a better knowledge of elementary science than their parents. 
The physical sciences are being lowered in the grades and the 
biological and botanical sciences are occupying a more impor- 
tant place in the junior and senior high schools. 

Once elementary science found its way into the curriculum, 
first in the junior high school, then in the grades, the correla- 
tionists started to work. The integrated curriculum became the 























ELEMENTARY SCIENCE CURRICULA 865 


thing with all subjects and units correlated as much as possible. 
As in every new idea there are extremists. So the correlation- 
integration extremists manipulated the curriculum so that even 
some of the essentials of grade school education lost their iden- 
tity though no doubt behind the scenes a little remedial work 
was in progress. 


Elementary science was found to blend itself well with geog- 
raphy, then mathematics, and now it is strongly allied with 
the social sciences which themselves represent a blend in the 
progressive schools. But it is not reasonable to suppose that 
elementary science must correlate and be integrated at every 
instance. It is being handled as the situations present them- 
selves. Separate units have been very effective, they have mo- 
tivated interests and created new ones, and have provided an 
understanding of genuine scientific concepts. It has been men- 
tioned that children with high intelligence will integrate by 
means of their natural ability and sometimes prefer to pursue a 
subject in isolation for the time being. However this is a matter 
of conjecture and there is not sufficient evidence to discount 
the value of a well integrated and correlated science course if 
the plan is not carried too far. 


Another method of including science in the elementary grades 
is used by the incidentalists. There is no course of study as far 
as science is concerned, but from time to time the children 
voluntarily bring science specimens into the classroom. Perhaps 
the specimen is an insect, a plant, a garter snake, the material 
for an aquarium, a rabbit, or other living material. Sometimes 
specimens of rocks are found during a vacation or field trip. 
When the specimens are produced the teacher uses them as the 
center of interest and the science lesson begins and develops 
into what might be considered extra-curricular activities cor- 
related with the classroom work and discussions. But it is some- 
times difficult for a teacher to maintain her poise and interest 
in science when she finds herself required to show interest in a 
slimy salamander or elusive garter snake, and the care and re- 
sponsibility for these specimens is not always an easy task. The 
objection to the “‘study-as-you-go”’ science program of the in- 
cidentalists is that it depends almost entirely upon the children’s 
ingenuity and initiative to bring specimens for the science les- 
sons and to bring assortments that will contribute to a well 
balanced program. On the other hand the incidental plan de- 
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velops into lessons that are more interesting and more vital to 
the children than pre-arranged units. 


The ‘“‘course-of-study-survey” is a popular method of deter- 
mining the content of many subjects as well as elementary 
science. The first step is to consult as many courses of study 
as are available in libraries or can be obtained from city and 
state school systems. Various procedures follow. Objectives, 
specific and general, are tabulated, units are analyzed and 
sorted, and plans for procedure are studied. With the survey 
complete the science course is planned on the basis of the col- 
lected datarepresenting the best current practices. Many courses 
of study are helpful and are comprehensive publications con- 
taining well planned programs with many helpful suggestions. 
The difficulty arises in evaluating each course of study. Check 
lists and other devices that have been made, aid in evaluation 
but they represent a mechanical means with doubtful value. 
It is also difficult to know to what extent the course of study 
really represents the classroom procedure and how the out- 
comes materialize. In one instance the classroom teacher re- 
marked, ‘‘Yes, we have a fine science program in our course of 
study but we don’t use it.’’ Another said, ‘“‘Our course of study 
is followed to the letter and gives us little or no opportunity to 
deviate from the prescribed work as current situations may sug- 
gest.” 

One of the values in a careful and thorough survey of courses 
of study is to give the surveyor a broad background of pre- 
scribed subject matter and practices. It is a favorite method 
because the research workers have concrete data to handle and 
can treat it with some of the usual objective methods. Course of 
study surveys are common and represent the beginnings of 
curriculum rebuilding. 

While dealing with plans of a more objective nature the work 
of the statisticians is important. With improved mathematical 
techniques at hand, intelligence and achievement can be cor- 
related and treated in various ways in relation to the curriculum 
and the standards that exist. But up to the present time there 
are few standardized tests in elementary science and even the 
validity of these is doubtful since standards of achievement in 
early science are not established and it has been suggested that 
they are not needed. So correlation and measurement techniques 
are limited in their contribution to the building of an elementary 
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science course of study except when an objective and concrete 
type of planning is desired. 

A live topic of discussion among elementary science people 
today is the ‘‘child-interest”’ type of planning. Some of the re- 
searchers in this field are working on the assumption that only 
factors interesting to the child should be taught. These will 
radiate into new avenues of thought and therefore the curricu- 
lum will be real and strongly motivated. Some of the more con- 
firmed of the child-interest workers accept the hypothesis that 
children, on the whole, have certain predominating interests 
at certain age levels and those of a scientific nature should be 
the basis of the elementary science studies. It is apparent that 
these assumptions open a wide field for educational research. 
What are child-interests in science at certain age levels? How 
are they to be discovered? How can they fit into the curriculum 
where ages and grades are the means of organization? 

In searching for child-interests the techniques differ. Some- 
times questionnaires are submitted to the children concerning 
their interests. Check lists including scores of scientific interests 
and objects are given to the children for them to check their 
preferences. Interesting data have come from these methods. 
The most peculiar of all was a plan devised by a conscientious 
teacher desirous of doing some original research. It might be 
called the “‘scatter method.”’ She scattered scientific equipment 
in her classroom including apparatus and pets. The children 
were unexpectedly given a free period. The teacher concealed 
herself behind the classroom door and recorded her observa- 
tions from between the door hinges of the children’s interests 
and preferences for the scattered science equipment. She found 
that objects with animation and movable parts were preferred! 
This plan tried in a different way has been called the laboratory 
method. 

More carefully controlled methods of discovering children’s 
interests have been devised. One is the question method. It is 
employed in several ways but two are most outstanding. When 
a child makes an inquiry about science his question is remem- 
bered by the teacher and recorded. When a great many ques- 
tions have been collected they are treated by various techniques 
to determine the interests. The questions must be spontaneous 
and every precaution is taken to avoid teacher influence or sug- 
gestion. 

A more comprehensive plan is the question box method. 
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Boxes, or some similar type of containers, are placed in the 
classrooms. Children are allowed to write their inquiries and 
drop them in the box in their room. For younger children the 
teacher’s help is needed but it is imperative that the teacher be 
only an intermediary. Thousands of questions can be accumu- 
lated by this procedure. They are classified, and treated accord- 
ing to research techniques and from these data children’s in- 
terests are determined. These interests are then used as a basis 
for building the science curriculum. 

Research attempts to discover child-interests in science are 
not new. It was attempted over thirty years ago and many times 
since using different methods. In previousattempts the outcomes 
have yielded doubtful data for positive relationship between 
existing studies is lacking,in fact, the outcomes are better 
known for their dissimilarity. 

The critics of the “‘child-interest’”’ plan generally agree that 
children’s interests should be considered in planning the con- 
tent of an elementary science program and that they are a strong 
motivation for learning. It is also reasonable to suppose that 
new interests may be the outcome of utilizing present interests 
as a starting point. But a strong objection is raised that inter- 
ests are dependent on experiences and that the important 
principle of curriculum construction is to open new avenues of 
thought and to prescribe new activities from which new experi- 
ences will emanate. It is not progress, they claim, to dwell solely 
on what already exists. It is sometimes contended that the 
validity of the question technique is doubtful since the “Shows,” 
“whats,” and “whys,” of children’s questions are neither of a 
scientific nature nor prompted by a desire for scientific inquiry. 
Furthermore limiting the curriculum to “‘child-interests”’ forces 
an unwarranted restriction on the elementary science course 
with a further reflection that such a ‘‘sugar-coat”’ method is not 
justified. 

To support the plan there is evidence that an awakening of 
interest in living things comes with certain stages of intellectual 
development. If more interests of this broad type can be rea- 
sonably sure at certain age levels, child-interest researchers 
will have a stronger case for their curriculum building. 

Another important current technique to be considered here is 
the science program built around problems of current living of 
the child. This theory seems to be winning favor according to the 
changes evident in elementary science courses. The “‘current- 
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problemists,’’ as we may call them, design the science program 
of the child to meet his needs in everyday living and aim to plan 
units that will contribute to his better living and better thought 
life. The ideas of environment, interests, and needs are incor- 
porated in this plan. Interests are considered and utilized to the 
fullest extent but these interests are usually aroused by new 
worthwhile experiences and the term ‘worthwhile’ can be 
broadly interpreted. The plan also trys to meet the children’s 
problems rather than to teach scientific concepts to the utmost 
capacity of the child. Correlation and integration with other 
subjects are advisable but not absolutely necessary in the eyes 
of the current-problemist. 

The last of the popular brands of curriculum construction in 
elementary science to be considered is the one advocated by 
those believing that immediate experiences represent a basis 
for course content. The plan uses a child’s everyday experiences 
as a nucleus for the science work. The technique usually involves 
making a list of the daily activities of children and from these 
experiences sort the ones that have a scientific concept for use 
in the curriculum. 

There is merit in the plan. It does not differ greatly from that 
of the current-problemists except that these people atempt to 
foresee needs and provide experiences that help him in his cur- 
rent living while those dealing with experiences consider the 
actual experiences a child wiil have and limit the subject matter 
of the curriculum to help the child be successful in these expe- 
riences. In some instances the course content is not administered 
until the esperiences have actually taken place. The objection 
generally suggested in that the average child does not partici- 
pate in experiences sufficient in number and variety that will 
serve as a foundation for the science curriculum and it is there- 
fore necessary for the school to provide experiences that will 
keep his education parallel with his mental development. 

Whether you are an advocate of scientific thinking, improve- 
ment of standards, appreciation of environment, integration 
and correlation, course of study practices, statistical research, 
child-interests, current problems, or everyday experiences as a 
basis for the science curriculum in the grades, it must be recog- 
nized that each of these plans offers advantages and disad- 
vantages, overlap, and hinge on one another. None of them, with 
the exclusion of all the others, will constitute an infallible basis 
for the science program in the grades until considerably more 
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research has been done. But caution must be used to guard 
against plans that provide for too much “efficiency” in educa- 
tion and too much “‘scientific’’ application of desired outcomes 
and objectives pre-arranged. Up to the present time pigeon- 
holing, psychological classification, and achievement standards 
with examinations have been kept in their relative values in the 
elementary science programs. 

The real outcomes of the curricula depend upon the children, 
the environment, equipment, and most important of all a 
teacher with personality and background who can recognize 
the needs and problems of her class and whose ability can make 
her classroom a “‘teacher-centered” socialized community. 
Literally speaking there is no such thing as a “‘child-centered”’ 
classroom and the more progressive a school professes to be the 
more apparent the truth of this statement becomes. But this 
is an issue to be discussed at another time and among many it 
is a matter of a common understanding of terms. 


ELEPHANTS SHOT 8000 B.C. PROOF OF 
MAN’S ANTIQUITY IN AMERICA 


Prehistoric elephants, hunted to death by cunning primitive darts, have 
been unearthed in New Mexico, proving at last to scientific satisfaction 
that America was inhabited as long ago as 8000 B.C. 

The discovery, which places America’s famous Folsom Men more defi- 
nitely than ever before in a niche of time, was made by a joint archaeolog- 
ical expedition directed by the Academy of Natural Sciences of Philadel- 
phia, the Carnegie Institution of Washington, and the University Museum 
of this city. The site of the discovery is the region of Blackwater Draw, 
between Portales and Clovis. 

Dr. Edgar B. Howard of the Academy, leader of the expedition, reported 
finding at the site bones of ponderous mammoths with stone spear points 
made by man associated beyond doubt with them. One of the ancient 
hunter’s weapons lay under a vertebra, another under a shoulder blade, 
and another between the forelimbs of a beast. The prehistoric elephants 
thus slain were obviously trapped in a bog, where they floundered until 
the eager big game hunters could dispatch them with their pointed spears. 

Bone points, the first of their kind ever discevered in connection with 
prehistoric elephants or with America’s ancient Folsom Men, were un- 
earthed at the scene. One of these bone points rested on the base of a 
mammoth’s tusk. 

The antiquity of the event, about 10,000 years ago, is estimated on 
geological and climatological evidence. The remains of the hunt, with the 
lost and discarded weapons, were buried through the centuries by hard 
silt and several feet of sand, and remained undisturbed. 

Scientific witnesses attending the excavation of bones and weapons in- 
cluded Dr. Ernst Antevs, geologist of the Carnegie Institution, Dr. Harold 
Colton of the Museum of Northern Arizona, and Dr. Frederica de Laguna, 
archaeologist of the University Museum. 

—Science Service 
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THE MAGNETIC METHOD OF PRODUCING 
ULTRA-LOW TEMPERATURES 


By LAURENCE L. QUILL AND RICHARD F. ROBEY 
The Ohio State University, Columbus, Ohio 


Apparently there is no upper limit to how hot bodies may 
become. Temperatures as high as 10,000 degrees have been pro- 
duced, while the temperatures of some stars have been estimated 
at a hundred or a thousand times this value. 

On the other hand in the matter of low temperatures (see 
Fig. 1) theory dictates the lower limit of temperature to be 
—273.18° Centigrade,! which point is known as the absolute 
zero. The attainment of such a limit constitutes an immediate 
challenge to the scientist. 


Low TEMPERATURES BY EVAPORATION 


At the opening of the present century there was only one 
“permanent”? gas which had not been liquefied. This gas was 
helium. In 1908 Kamerlingh Onnes at the University of Leyden, 
The Netherlands, in accomplishing the liquefaction of helium 
gave cause for rejoicing on the part of those seeking very low 
temperatures. The absolute zero was then only about three 
degrees removed! It was not until 1921 however, that Onnes 
reached a temperature of 0.82° Abs. by boiling liquid helium 
under very low pressures. 

Later Keesom, at the Onnes Memorial Laboratory in Ley- 
den, using diffusion pumps of capacity fifteen limes greater than 
those of Onnes, obtained solid helium at a temperature of only 
0.11° less than that obtained by Onnes. Evidently the results 
of this method depend greatly upon the capacity of the pumps 
used and upon the perfection of the heat insulation. Further 
Keesom’s work indicated that this method for obtaining low 
temperatures had about reached the limit of practicability. 

The concept of temperature is based on the properties of 
the ideal gas. The above temperatures were determined with 
the aid of the helium gas thermometer (several corrections being 
applied). At the extremely low temperatures (below 1° Abs.) 
helium is not a gas and the vapor pressures of the liquid and 
solid phases of helium are too minute to be of value in gas ther- 


1 By taking into account the slight deviations of the gases hydrogen and helium from the gas laws 
the value —273.18+0.03°C. has been set as the absolute zero. 
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mometry. As a result gas and vapor pressure thermometry is of 
practically no value for use in measuring temperatures? ap- 
proaching absolute zero. It was, therefore, essential to devise 
a new thermometric scale based upon another process and to 
fit it to the absolute scale. 

Within the last ten years research on the construction of huge 
electromagnets and upon the magnetic properties of rare earth 
and certain other salts has been the key to new methods of ob- 
taining and of measuring temperatures below one degree on the 
absolute scale. 


ATOMIC PARAMAGNETISM 


Since the time of Oersted and Ampere it has been recognized 
that magnetism is a property of electricity in motion. Every 
electrical current is surrounded by magnetic lines of force, and 
every closed electrical circuit is equivalent toa magnet of defi- 
nite moment. Ampere suggested that a substance like iron 
owes its magnetic properties to a continuous circulation of 
electricity in each of its molecules, and that the magnetization 
of iron consists in the orientation of these circuits in the same 
direction. 

According to the Bohr theory of atomic structure every atom 
contains electrical charges in rapid motion in closed orbits. 
This clarifies the origin of the magnetic properties of matter. 
So far, however, no entirely satisfactory explanation has been 
evolved to account for all of the known facts of atomic and 
molecular magnetism. 

Faraday showed in 1845 that substances can be divided into 
two classes depending on their behavior in a magnetic field. 
Those substances which tend to set themselves parallel to the 
magnetic field are called paramagnetic and those which tend 
to set themselves transversely in the field are called diamagnetic. 

Paramagnetism is divided into two sub-classes—para-mag- 
netism proper, a purely atomic property, and ferromagnetism. 
Ferromagnetism is distinguished from paramagnetism proper 
by the exhibition of forces of much greater magnitude and by 
the occurrence of a lag in the relation between the magnetic 
state of the substance and that of the magnetic field. In the 
studies of magnetism this particular lag is known as hysteresis. 
Ferromagnetism is confined to a very few elements, namely, iron 
cobalt, and nickel and a very limited number of compounds, 


2 The difficulties involved in using electrical temperature measuring devices are discussed later. 
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e.g., magnetic iron oxide, Fe3Q,. It is clearly dependent upon the 
structure of the solid as well as the magnetic properties of the 
atoms. 

The fundamental laws of dia- and paramagnetism were 
established by P. Curie, who showed that diamagnetic suscepti- 
bility is independent of temperature, whereas the paramagnetic 
susceptibility of a substance is inversely proportional to the 
absolute temperature or x7 =, where x is the susceptibility, 
T the absolute temperature, and k a constant. The suscepti- 
bility, x, is the ratio of the degree to which the substance be- 
comes magnetized and the strength of the imposed magnetic 
field, and is easy to measure experimentally. The force with 
which a weighed amount of the salt is drawn into a magnetic 
field of known intensity is essentially all that is determined. 
The data is usually transcribed into the more universal centi- 
meter-gram-second units. 

Of relatively fundamental importance in this discussion is 
the fact that Curie’s law of paramagnetism indicates that at 
very low temperatures the paramagnetism of a substance be- 
comes tremendously greater in value. 

Every electronic orbit in an atom, being a current of electrici- 
ty, will have a magnetic moment; that is, it will act as a micro- 
magnet. It is entirely conceivable that these electronic orbits in 
their natural random arrangement might be so located with 
respect to one another that the effects of one tiny magnet might 
neutralize those of another. Thus the electronic orbits might be 
considered as occurring in parallel pairs with the two electrons 
in each pair revolving in opposite directions. The resulting 
magnetic moment in such a case would be zero, but in the pres- 
ence of an external magnetic field the orbits might be modified 
to such an extent that the sum of the effects would result in 
diamagnetism. Diamagnetism is common to all matter, whether 
it is also paramagnetic or not, and it is independent of the tem- 
perature and the state of aggregation of the substance. 

If the orbits are of uneven number or if they are so arranged 
that their magnetic moments are not all completely neutralized 
by those of other orbits, then the atom will exhibit paramag- 
netism. This effect is usually so pronounced that it completely 
overshadows the diamagnetic properties. Paramagnetic atoms 
tend to arrange themselves in an external magnetic field so that 
their magnetic axes are parallel to the field. This orientation is 
disturbed by thermal agitation, so that unless the field is very 
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powerful, the orientation will be very imperfectly accom- 
plished and the magnetization will be far from the saturation 
value. The paramagnetic susceptibility thus varies inversely as 
the temperature, as stated in Curie’s law. 

Those ions which are diamagnetic are those which possess 
either an inert or a pseudo-inert gas electronic configuration. 
The inert gases and the ions of the alkali and the alkaline earth 
metals are typical examples of diamagnetic materials.* 

Table I shows that parmagnetism is exhibited only by those 
ions which contain incomplete electronic shells. Following the 


TABLE I 


THE MAGNETIC SUSCEPTIBILITIES OF CERTAIN IONS AND INERT GASES 
AS A FUNCTION OF THEIR ELECTRONIC CONFIGURATIONS 

















Ion No. of electrons in Bohr shells | Paramagnetic suscep- 
(Chloride) tibility per gram-ion 
or Inert , . at room temperature 
gas K L. M N x 10~ c.g.s. units 
A 2 8 8 — Diamagnetic 
K* 2 & s -- Diamagnetic 
Ca** 2 8 8 — Diamagnetic 
sett 2 8 8 — Diamagnetic 
Cre+4 2 8 11 =i 7,000 
Cr*+ 2 8 12 _ 10,300 
Mn** 2 8 13 a 13,500 
Fe+++ 2 8 13 = 14,000 
Fe* 2 8 14 _ 13,800 
Cott 2 8 15 _— 11,800 
Ni*? 2 8 16 — 5,800 
Cut? 2 8 17 — 1,200 
Cut 2 & 18 -- Diamagnetic 
Zn*+ 2 & 18 oo Diamagnetic 
Kr 2 ; 8 18 8 Diamagnetic 

















non-paramagnetic potassium, calcium, and scandium ions, 
which have completed the electronic octets of inert argon, are a 
whole series of ions which exhibit paramagnetism. These para- 
magnetic ions belong to that group of elements known as transi- 
tion elements. The M (n=3) shells of these ions contain un- 
balanced groupings of electrons. Below the transition elements 
in the table lie the cuprous and zinc ions which are diamagnetic. 

3 The inert gas configuration consists of eight electrons in the outer electronic shell, with the excep- 


tion of helium and the ions of the first short period, lithium, beryllium, etc.; the pseudo-inert gas con- 
figuration consists of eighteen electrons in the outermost shell—e.g., the zinc ion. 
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In the cases of these the pseudo-inert gas configuration, con- 
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sisting of eighteen electrons, has been attained. 
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Fic, 2. The paramagnetic suceptibilities of the rare earths 


The paramagnetic susceptibilities of the rare earth elements 
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are shown graphically in Figure 2. The graph shows that dys- 
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prosium salts have the highest susceptibilities, but unfortu- 
nately gadolinium is the onlyone of high susceptibility which can 
be obtained at present in any considerable quantity for prac- 
tical purposes. 


Low TEMPERATURES BY DEMAGNETIZATION 


The first theoretical discussions relative to the production 
of temperatures below one degree absolute by the utilization of 
the magnetic properties of certain paramagnetic substances 
were published almost simultaneously by Debye at Leipzig 
(1) and Giauque at California (2). They pointed out that when 
a magnetized body is demagnetized adiabatically,* the tempera- 
ture of the body must decrease. The physicist Langevin had 
predicted the same thing for oxygen in 1905 (3). It must be 
kept in mind, however, that the effect is a minute one and be- 
comes significant only at very low temperatures when evapora- 
tion under reduced pressure is no longer practicable as a means 
of producing a further drop in temperature and when the para- 
magnetic susceptibility becomes very large. 

The predictions from calculations of Debye and of Giauque 
were based on the following considerations: A body which is 
capable of being magnetized and which is in contact with a bath 
of liquid helium (1.26° Abs.) contains a great number of small 
elementary magnets in a random arrangement. When the body 
is placed in a magnetic field all of these little magnets or dipoles 
as they are often called, are oriented. Some order is brought to 
the original random arrangement. 

Now let us consider for a moment the molecular units of a 
crystal lattice which at ordinary temperatures oscillate in a 
random fashion in their positions. If the temperature of the 
crystal is lowered the randomness of the thermal vibration de- 
creases and a greater state of order arises. According to the 
Third Law of Thermodynamics perfect order should persist at 
absolute zero. 

The state of order of the magnets within the atom is increased 
by the application of a magnetic field in an adiabatic fashion; 
that is, having the system isolated in such a manner as to 
prevent or retard the flow of heat to or from it. Since in such a 
case the total state of order must remain constant (because of 





* When work is done by a system in such a manner that no heat may enter or leave, the process is 
called adiabatic. 














878 SCHOOL SCIENCE AND MATHEMATICS 





the isolation) an increase in randomness must occur in another 
part of the same system. This means simply that the disorder 
due to thermal vibration of the crystal molecular units must 
increase—which is equivalent to saying that the temperature 
rises. Thus any substance whose magnetic susceptibility varies 
with temperature would be expected to exhibit this thermal 
effect on magnetization. 

When thermal contact is made with the cooler surroundings 
for the purpose of conducting away the heat caused by magneti- 
zation the temperature of the crystal will drop to its original 
value. The state of order of the molecular units due to thermal 
vibration becomes greater while that of the atomic magnets 
remains constant as long as the magnetic field strength is un- 
varied. 

On the contrary, however, when the order of the elementary 
magnets is subsequently decreased by adiabatic demagnetiza- 
tion, then the order due to the thermal vibrations is increased 
and the body is cooled. 

The whole process is conditioned by a number of factors which 
require special attention if one wishes to make practical use of 
the process. 

First, the working substance must be of such a nature that 
the elementary magnets shall not exert a directing influence 
upon each other; i.e. the substance shall not be ferromagnetic. 
The magnetic behavior is more nearly perfect if the magnetic 
ions are diluted by interspersing non-magnetic ions among them. 
Thus the ethylsulfates of the rare earth elements or chrome 
alum diluted with aluminum ions in a mixed crystal lattice 
should be more satisfactory for the production of low tempera- 
tures. 

Second, the elementary magnets should have as large a mo- 
ment as possible without exhibiting ferromagnetism. 

As indicated by Figure 2, the octahydrated dysprosium sul- 
fate or some other diluted dysprosium or holmium compound 
should be very suitable compounds for this type of experiment. 
The compounds of these rare earth elements should be better 
than the corresponding compounds of gadolinium, which are 
usually used because they are more readily available. 

The production of these extremely low temperatures is 
analogous and may be compared with the preliminary steps in 
the production of liquid air or to the action of a mechanical 
refrigerator in which the gas does not condense: 
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MAGNETIC REFRIGERATOR MECHANICAL REFRIGERATOR 
1. The adiabatic magnetization of 1. The gas is compressed adiabati- 
a suitable paramagnetic sub- cally, hence work is done on the 
stance at a very low tempera- gas.® Compression leads to an in- 
ture. Work is done on the sub- crease in the state of order cor- 
stance. The state of order of the responding to the volume, but 
atomic magnets is increased, the since the state of order of the 
order of the thermal vibrations whole must remain constant in 
of the crystal units is decreased. an isolated system, the state of 
The working substance becomes order due to temperature must 
warmer. decrease. The gas becomes 
warmer. 


2. The resulting heat of magnetiza- 2. The resulting heat of compres- 


tion is absorbed by thermal con- sion is absorbed in the passage 
tact with a bath of liquid helium. of the gas through air- or water- 
The substance is cooled to its cooled radiators. The gas is 
original temperature. cooled to its original tempera- 


ture or lower. 


3. The thermal isolation of the 3. The thermal isolation of the 
working substance from the liq- cooled gas by causing part of the 
uid helium bath by the evacua- gas to act as the insulation. 
tion of the intervening space. 


4. The adiabatic demagnetization 4. The adiabatic expansion of the 


of the paramagnetic substance. cooled gas. The randomness of 
The randomness of the atomic the relative volume factor is in- 
magnets is increased while that creased while that of the ther- 
of the thermal vibrations is de- mal vibration is decreased. The 
creased. The substance is cooled. gas is cooled. 


APPARATUS USED 

At present only three laboratories of the world are equipped 
for the study of low temperatures produced by the magnetic 
method. All are located at universities. The investigators and 
their laboratories are: W. F. Giauque, at the University of 
California, F. Simon and N. Kiirti, at Oxford University, and 
W. J. deHaas, at the University of Leyden. 

The typical apparatus used is shown in a much simplified 
sketch in Figure 3. The tube A containing the paramagnetic 
salt is mounted in the center of a copper wire solenoid B. The 
solenoid is connected to wires leading to the outside and is 
immersed in a bath of liquid helium in the Dewar flask C. The 
whole apparatus is placed between the poles (D and D’) of a 
large electromagnet in such a way that the salt occupies the 
spot of maximum intensity of the powerful homogeneous mag- 
netic field (5,000 to 30,000 gauss). 


§ The state of order in this system consists likewise of two parts, one depending on the relative 
volume of the gas, the other on the temperature. 
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Of course, many precautions must be taken to reduce heat 
influx. Radiation shields, fiber suspensions, and external baths 
of liquid hydrogen and of liquid air in Dewar flasks are em- 
ployed. Non-magnetic materials are necessarily used in the 
construction of the apparatus. 

To accomplish cooling by the magnetic method it will be 
recalled that the working substance must be in thermal contact 
with the helium bath when the magnetic field is on and iso- 
lated from it when the field is off. To establish the thermal con- 
tact a small amount of helium gas is permitted to remain in the 
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Fic. 3. Diagram of a magnetic refrigerator. 


space E between the sample and the wall of the tube F in con- 
tact with the bath; the gas conducts away the heat of magne- 
tization. 

When the magnetic field has been discontinued the working 
substance cools quickly and the helium gas condenses and 
freezes on the walls of the container. The vapor pressure of 
helium falls so rapidly with temperature that even with a small 
reduction of temperature the quantity of gas remaining in the 
space E£ is virtually nil. This produces a very high vacuum in 
the space and essentially ‘“‘catches the cold in a trap.”’ Below 
().5° Abs. the vacuum is nearly perfect and the heat conduc- 
tivity is so infinitesimally small that it is easier to maintain a 
temperature, once it is obtained below 0.5° Abs. than one 
slightly above it! 
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MEASUREMENT OF TEMPERATURES BELOW 1° ABSOLUTE 


The solution of the problem of the measurement of extremely 
low temperatures is indeed an ingenious one. Because of the 
failure of any known gas thermometer to be of any practical 
value at temperatures below one degree absolute a new type 
of thermometer as well as a thermometric scale had to be de- 
vised. The new thermometer is a magnetic one. The paramag- 
netic working salt is used as its own temperature indicator. 

It is quite obvious from the statement of Curie’s law,—the 
paramagnetic susceptibility is inversely proportional to the ab- 
solute temperature—that if we have a means of measuring the 
susceptibility we also have the means of inferring the tempera- 
ture. It has been shown experimentally that many paramag- 
netic salts follow Curie’s law very closely down to the boiling 
point of helium. Thus the only data that must be found are the 
temperatures to which the susceptibilities correspond. This is 
done, as might be supposed, by a comparison of the magnetic 
thermometer with the gas or helium vapor pressure thermome- 
ter in their working ranges and then extrapolating the values 


- into the temperature range desired. 


Thus it is relatively easy to construct a magnetic thermome- 
ter and to employ susceptibility as a measure of temperature. 
This type of thermometer has a great advantage because of the 
large increase in its sensibility at low temperatures. This in- 
crease in sensibility results from the tremendous increase in the 
susceptibilities of paramagnetic salts below one degree. 

In the three different centers of low temperature work, three 
different methods have been used to determine the suscepti- 
bility of the working substance. The simplest is that used by 
deHaas at Leyden. The tube containing the working substance 
is fastened to an arm of a balance. The magnetic field exerts a 
force on the salt, which is measured by means of the balance. 
The force with which the salt is drawn into the field varies di- 
rectly as the magnetic susceptibility. 

Giauque, and Simon and Kiirti make use of one or two sole- 
noids of wire (B, Figure 3) surrounding the working substance. 
The paramagnetic salt therefore acts as the core of a small elec- 
tric transformer. When an alternating current is sent through 
the primary coil, all other conditions being constant, the voltage 
induced in the secondary coil® will depend entirely on the mag- 


® Giauque uses only one coil, in which case a measure of the inductance of the coil is made. The 
inductance is a function of the susceptibility of the core. 
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netic susceptibility of the core. Thus the voltage of the second- 
ary circuit is a direct measure of the paramagnetic susceptibility 
which is in turn a measure of the temperature. 

Figure 4 shows a scale of the “last” degree and indicates the 
gradual experimental approach to the absolute zero that has 
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Fic. 4. A Scale of the experimental approach to the absolute zero. 


been taking place within the last few years through the efforts 
of investigators using these techniques. The great field intensity 
of the large Leyden electromagnet has aided deHaas in attaining 
temperatures as low as 0.005° Abs. Temperatures below 0.15° 
Abs. have been reached only through the employment of a 
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diluted working substance to prevent the interaction of the 
paramagnetic ions. 

It is quite obvious from the scale that the approach to the 
absolute zero is indeed an asymptotic one—each succeeding 
“jump” toward zero being noticeably shorter and more difficult 
than the previous one. Thus it seems—and there are several 
other reasons which lead us to believe it—that the absolute zero 
may never be attained. 


THE VALUE OF Low TEMPERATURE RESEARCH 


Naturally certain questions come to mind when one reads of 
these low temperatures. What is the value of such research? Are 
there any practical applications to the studies of properties of 
matter such as electrical conductivity of metals, magnetic be- 
havior, specific heats and thermal conductivity at low tempera- 
tures? Are there theoretical considerations which might be de- 
veloped from such research? 

Many metals when cooled to low temperatures become very 
highly conductive for the electric current. This phenomenon is 
known as superconductivity. Outstanding is the fact that there 
is a characteristic and definite temperature for each metal at 
which superconduction appears. However, even to temperatures 
as low as 2° Abs. many metals do not undergo this change. 

With the development of the magnetic method for obtaining 
still lower temperatures further studies in this field have been 
undertaken. In the range of temperatures produced by the new 
method other metals have been found to become superconduc- 
tive, whereas others apparently do not undergo this transition 
even at the lowest temperature produced to date. 

Obviously, then since so many metals exhibit peculiar elec- 
trical properties at the low temperatures and since metallic 
wires might result in serious heat influx, thermo-electrical de- 
vices (e.g. resistance thermometers and thermocouples) are not 
used in this range. 

In cooling other substances than the paramagnetic salt to the 
very low temperatures a technique has been developed recently 
whereby the powder material is compressed with the powdered 
working substance to form a solid pellet. It is in this manner 
that many metals have been investigated at the low tempera- 
tures. 

It is highly probable that further research in superconduc- 
tivity will contribute to our knowledge of the mechanism of the 
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conduction process of electricity through metals. This in turn 
should lead to some very definite ideas concerning the nature of 
the metallic state (/5). 

Whether or not certain substances which are paramagnetic at 
higher temperatures become ferromagnetic below 1° Abs. is a 
problem which is yet to be investigated. 

Giauque at the University of California has been primarily 
interested, not only in obtaining very low temperatures, but 
also in the determination of the various thermodynamic prop- 
erties of matter in this temperature range. For example, he has 
made specific heat measurements within the last few tenths of a 
degree. These results and those which will undoubtedly be an- 
nounced in the future will certainly throw light on otherwise 
unobserved principles in atomic and molecular structure. 

In a paper published in Nature (16) deHaas stated that he is 
“convinced that ... the theoretical limit can be reached.” If 
the absolute zero of temperature were reached or overstepped 
the results would unquestionably be of revolutionary funda- 
mental importance throughout all physical sciences. What 
would happen to our concept of temperature and the absolute 
zero one might only guess. Would it be necessary to re-set the 
zero point at a lower value? 

Even though the absolute zero has not been attained to date 
much satisfaction may be had from the fact, however, that 
these man-produced temperatures are lower than any yet dis- 
covered in the coldest of the cold portions of nature’s interstellar 
space. 
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TWO CHEMISTS GIVEN MEDALS 


Thomas Midgley, Jr., of Dayton and Detroit, whose research created 
the ethy! gasoline industry, and Dr. Walter S. Landis, of New York, leader 
in fertilizer research, are to be given high chemical honors. 

The Society of Chemical Industry’s American section has just awarded 
its 1937 Perkin medal to Mr. Midgley and its 1936 Chemical Industry 
medal to Dr. Landis. 

Tetraethyl lead which Mr. Midgley applied to make motor fuel anti- 
knock adds, the prize committee announced, “‘forty times as much horse- 
power annually to American civilization as that which will be supplied by 
Boulder Dam.” His more recent discovery of non-toxic refrigerants is 
described as equally fundamental in refrigeration and air conditioning. 

Dr. Landis is vice-president of the American Cyanamid Company and 
he has successfully attacked research problems dealing with nitrogen, 
cyanamid, cyanide, ammonia, nitric acid, phosphate, hydrogen, alloys, 
etc. He was responsible for the first large scale production of argon, one 
of the rare gases of air now widely used in lamps. 


HERBS GROWN IN KITCHEN 


Many of the old-fashioned herbs that are used in seasoning dishes can 
be grown right in the kitchen window in flower boxes. 

The Department of Agriculture, which makes this suggestion, says the 
best herbs to grow in a window are mint, watercress, parsley, rose gera- 
nium, chives, sweet marjoram, and basil. The best soil for them is one part 
sharp sand, one part well-rotted cow manure, two or three parts of good 
garden loam, and a little bone meal, all well mixed together. 
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DUPLICATE TONE APPARATUS 
By E. H. SCHROER 
Benson High School, Omaha, Nebraska 


The construction of a useful piece of demonstration apparatus 
for a high school physics laboratory is possible from old radio 
parts easily secured in any community. The essential parts are 
two audio-frequency transformers, two triode tubes with 
sockets and a few condensers and resistances generally found in 
any radio set. To complete the operation a speaker and a source 
of power is also necessary. 

The apparatus is composed of two units commonly called 
audio-frequency oscillators of the type generally used by radio 
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Fic. 1. Simple regenerative radio circuit. 


amateurs for code practice. The hook-up of the individual unit 
is of such simplicity that its completion by one inexperienced 
in radio is a valuable and interesting experiment. The principle 
involved is similar to the action found in the regenerative radio 
circuit, Figure 1, with constants changed to cause audible, in- 
stead of radio frequencies. This makes possible tones limited 
only by the response of the speaker used. The tone frequency 
depends upon the inductance of the transformer, the value of 
the resistances, and capacity of the condenser. The circuit used 
in Figure 2 with 0.5 megohm resistance and an 0.00125 micro- 
farad condenser caused a tone of approximately 256 V.P.S. for 
one unit. These values may have to be changed somewhat de- 
pending upon the value of the transformer and the tone you 
wish to secure. Using a variable instead of a fixed condenser 
the range was increased to several octaves in the other unit. 
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In combining the output of these two circuits, using a separate 
or a common speaker, giving one circuit a fixed frequency and 
the other a variable one makes many sound demonstrations pos- 
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Fic. 2. Audible frequency regenerative circuit. 


sible. Increasing the frequency of the variable circuit results in 
decidedly audible beat notes which can be varied to produce 
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Fic. 3. A hook-up for combining two audible frequency regenerative 
radio circuits using a common power supply for both filament and plate. 
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discord or pleasing harmony. If the condenser of the variable 
circuit is calibrated for an octave or more, the mathematical 
relationship between the more pleasing combinations of tones 
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can be demonstrated. This has been found more convenient 
than using tuning forks, because of the continuous tones possible 
and the intensity of the note. Control switches in both circuits 
make either or both tones audible for the effects desired. 
Figure 3 illustrates a method for combining the two parts 
with a minimum of equipment. A. C. tubes have been substi- 
tuted for the D. C. type and a common filament and plate 
supply is used. Any old type B battery eliminator can be used 
for the high voltage or anode supply. This gives sufficient 
volume for use in any classroom, but additional amplification 
is possible. The output will light a one-watt neon tube in the 
plate circuit which can be used to determine the audible fre- 
quency by stroboscopic methods if desired. The output gives 
some unique curves when applied to a cathode ray oscillograph. 


REPRESSION OF IONIZATION BY A 
COMMON ION 


By LEsTER S. Guss 
Department of Chemistry, South Dakota State College, 
Brookings, South Dakota 


The law of mass action enters into many of the reactions of 
elementary qualitative analysis. Most of our separation pro- 
cedures by precipitation depend on the repression of ionization 
by.a common ion. A common example is in the precipitation of 
the iron family of metals with ammonia. Ammonium hydroxide 
ionizes slightly to liberate OH™ ions: 


NH,OH@NH,*+08-. 


There are normally sufficient hydroxide ions present to pre- 
cipitate not only the iron, aluminum and chromium ions, but 
many Others, notably magnesium. We are told, therefore to 
add ammonium chloride, which by its ionization: 


NH,CI@NH,*++ Cl- 


yields ammonium ions. The common ion represses the ioniza- 
tion of the ammonium hydroxide to such an extent, that there 
are insufficient hydroxide ions to precipitate magnesium hy- 
droxide. 

Such an explanation of the principles involved is, of course, 
correct as far as the chemistry involved is concerned. It leaves 
questions in the minds of the thinking students that defeat the 
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real value of the law of mass action. Some of these questions 
are: (a) Why do not the ammonium ions from the ammonium 
hydroxide repress the ionization of the ammonium chloride to 
such a point that it is ineffective? (b) Why would not any posi- 
tive ion, such as sodium or potassium accomplish the same result 
by uniting with the hydroxide ions? (c) If the magnesium salt 
is MgCl., why is it not correct to say that the chloride ions 
from the ammonium chloride repress the ionization of the 
MgCl, and, thus, prevent precipitation? These questions con- 
front practically every instructor in elementary qualitative 
analysis. 

In order to meet this problem, the repression by a common 
ion might be presented in a slightly different manner. Am- 
monium hydroxide, being a weak base, is very slightly ionized 
to ammonium and hydroxide ions. This limited dissociation is 
due to the great attraction that ammonium ions exhibit for 
hydroxyl ions. Sodium and potassium ions, on the other hand, 
have very little tendency to unite with hydroxyl ions, as evi- 
denced by the complete ionization of the bases of these metals. 

If we wish to decrease the hydroxide ion concentration, to 
prevent the formation of magnesium hydroxide, we may do 
so by simply increasing the concentration of ammonium ions. 
Any soluble ammonium salt may be used for this purpose, since 
they all are highly ionized. The ammonium ions added will at- 
tract the hydroxide ions present, thus decreasing their con- 
centration to the required point. Other positive ions, such as 
sodium and potassium, cannot be used for this purpose because 
of their lack of attraction for hydroxide ions. This application 
of this method to other common ion systems is, of course, self 
evident. 

This explains why only weak electrolytes can have their 
ionization repressed by a common ion. The ions must have an 
attraction for one another if the addition of a common ion is 
to repress their dissociation. 

The emphasis of this point of view has been found to clear 
up questions of students in elementary chemistry. Of course, 
in more advanced courses, the more logical thermodynamic 
explanation is advisable. Too often, however, the law of mass 
action is stated as an empirical rule and much of its value is 
lost. Explanations of this type are necessary to remove our 
courses in qualitative analysis from ‘“cook-book experimenta- 
tion” to “scientific analysis.” 





MATHEMATICAL PRINCIPLES APPLIED TO 
MECHANICAL DRAWING 


By Emit E. SHATTOW 
Lane Technical High School, Chicago, Illinois 


It is quite important. in industrial mechanical drawing that 
when the three basic views of an object are drawn, they should 
be laid out so as to make them appear as nearly as possible 
evenly spaced within the allotted drawing space as depicted in 
Fig. A. 
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Fic. A. A well centered or proportioned drawing 


This importance may be made more emphatic and evident, 
if the reader refers to a drawing of an object whose three views 
are crowded too much to one of the corners as shown in Fig. B, 
or a drawing whose three views are brought together too near 
to the center as in Fig. C. 
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Fic. B. Aneccentrically Fic. C. A badly concen- 
proportioned drawing trically proportioned draw- 
ing 





This sort of a difference which I am endeavoring to illustrate 
here is also one of the properties which marks the boundary be- 
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tween the novice and the experienced in the eyes of discrimina- 
tive observers of the industrial world. 

This phase of mechanical drawing has always been neglected 
even by modern textbook writers, and therefore does not af- 
ford any definite method for locating the starting point (S), as 
indicated in Fig. 1, of the front view of the object to be drawn. 
I am specifically referring to the front view, because in the ma- 
jority of cases it is customary to begin with a representation of 
the front view of the object. 

Having been confronted with this difficulty, I was finally led 
to a simple solution or clarification of this elementary, but, 
nevertheless, quite confusing part to the beginning student. 


THE GRAPHICAL STEP-BY-STEP METHOD OF HOW TO CENTER 
THE THREE BASIC VIEWS OF THE OBJECT TO BE DRAWN ———— 
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THE COMPUTIVE METHOD .OF HOW TO CENTER THE THREE BASIC 
VIEWS OF THE OBJECT TO BE DRAWN 
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NOMENCLATURE 


(a) A stands for the total height of the object to be drawn. 

(b) W stands for the total width of the object to be drawn. 

(c) ZL stands for the total length of the object to be drawn. 

(d) LDSy stands for the total length of the drawing space and equals) ‘Provided the sheet is 
L+W+X+X+X =17". (Fig. 1.) ) 12X19" and the bor 

(e) WDSr stands for the total width of the drawing space and equals der as indicated in Fig 
H+W+Y+YV+Y¥ =10.5" (Fig. 2.) ) 2. 

(f) X stands for one of the three equal horizontal spaces outside of the F.V. and S.\ 

(g) Y stands for one of the three equal vertical spaces outside of the F.V. and T.\ 

(h) S stands for the starting point. 


SOLUTION FOR X 
From (d) 3X +L+W =17" or 3X =17-—(L+W) 
17 —(L+W). 


. 


3 


SOLUTION FOR Y 
From (e) 3¥ +H+W =10.5" or 3¥ =10.5—(H+W). 
10.5—(H+W). 
3 


EXAMPLE 


Hence X = 


Hence ¥Y = 


Suppose L=44" W=2}" and H=3’. 
17—(4.5+2.625) 17-—7.125 9.875 
Then X = = =——— =3.29 or 335° approx. 
3 3 3 
10.5—(3+2.625) 10.5—5.625 4.875 
3 3 : 
Hence the starting point ‘‘S” for the F.V. is determined by the two dimensions X and J as is observed 
from Fig. 1 and Fig. 2, and has the same location for the other two views. 











and Y= =1.625 or 1}” approx. 


HOW TO CONVERT DECIMAL RESULTS INTO THEIR 
COMMON FRACTION EQUIVALENTS 


For this work the accuracy need not exceed 1/16 of an inch; therefore, if the above results are di- 
vided by .063 they give the required number of sixteenths of an inch. Moreover, it is easy to convert any 
fraction into its corresponding decimal equivalent to the accuracy of 1/16’, without referring to a table, 
if the following are committed to memory: 


4° = .875°; 4°=. 5°; 4° =. 125°; 
3° = . 750"; 3” =. 250"; 1/16" = .0625”; 
2=3X.125 =.375; §=5 X.125=.625; §=7X.125 =.875; 3=3 x .250=.750 
EXAMPLE 


What is the fractional equivalent of 2. 337°? 
SOLUTION 
? 


Drop off the whole number 2 and divide .337 by .063; .337 + .063 =5; meaning 5/16. Now add 2 
and the answer is 2s". 
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This solution I have endeavored to describe and illustrate in a 
step-by-step procedure ready for classroom use, giving two 
methods: The Graphical and The Computive, which I am pre- 
senting herewith. 

A further investigation into the preceding finding led me also 
to devise a mechanical means by which the quotients X and Y, 
as indicated in the Computive Method, 


_ LDSr—(L+W) _ WDS,-(H+W) 
X= ; and Y= 3 ‘ 








may be easily found. This mechanical device consists of a special 
celluloid 45° triangle (Fig. 3). On the inside edge of the base the 
graduations of one-half, one-third, one-fourth, one-fifth, one- 
sixth, one-seventh, one-eighth, one-ninth, and one-eleventh part 
are marked off. The mark between 9 and 11 stands for one-tenth. 
The triangle (A) is provided with a celluloid handle (B) pivoted 
by means of a rivet (C). The handle is used for transferring these 
various fractional parts of the base to any other space between 
the two short sides (a,;) and (a2) of the triangle. 

















Y 


Fic. 3. Proportional Triangle. 


The principle of construction of this proportional triangle is 
based upon the following geometrical theorem: 
“Tf a set of straight lines (OA, OB, OC,OD,OE,OF,-- -, 
Fig. 4) is drawn from point (OQ) in various directions, then 
cut by a set of parallel lines (AF), (AiF;), and (af)—the 
corresponding segments thus formed are proportional.”’ 
From the angles (AOB), (BOC), (COD), (DOE), and (EOF) 
cut by the parallel transversals (af), (A:F:), and (AF) we have: 
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Oa aA, ob bB, 


aA, A,A bB, BB 


AB A,B, , OB OB, 





A,B, ab ” O:B, : ob 














Fic. 4 


Hence, if (AD) =3 of (AF) it is also } of (Ai) and (af), and 
if (AC) equals § of (AF) it is also 3 of (A,/)) and (af), etc... . 

This device can be easily substituted for proportional divid- 
ers, because it can be used for dividing short spaces and dis- 
tances into the specified number of equal parts with little ma- 
nipulation. 

The manipulation of how to find one-third of a given line 
(KL) has been illustrated below in Fig. 5, and its procedure is 
as follows: 


= 
r 














{ @ 
\@_@ 
: 

i 


~-<-—-! 


Fic. 5. Manipulation Case (1). 
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(1) If the given line (KZ) is parallel with the upper and lower 
edge of the drawing board then the base (D) of the Pro- 
portional Triangle Fig. 3 should be slid along the T- 
square, assuming the position as in Fig. 5, until the short 
edge (a,) coincides with the extremity (K) of the given 
line (KL); and edge (a2) with the other extremity (ZL); 
then move handle (B) until its edge (b) coincides with the 
graduation (3) on the base of the triangle. 

(2) If, however, the given line (KL) is not parallel with any 
of the four edges of the drawing board, or paper, then the 
edge of the proportional divider is slid along a triangle as 
shown in Fig. 6. 











Fic. 6. Manipulation Case (2). 


(3) Another significance which may be attributed to the 
above proportional triangle, applying the same prin- 
ciples, is its use as a reduction scale. By means of it, as 
shown in Fig. 7, representing an enlarged section of the 
device, dimensions 1” =1 ft.; }#”=1 ft.; ?”=1ft.; 3”= 
ft., etc. .. . may be easily laid off for planning or drawing 
purposes. Suppose it is required to lay off 7’-7" to the 
scale $” =1 ft. 

(a) First, mark a dot at the point of the arrow at ?”=1 
ft. 
(b) Then, draw a short line along edge (a;) and edge (0) 
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(c) Finally, draw a line through the point marked off in 
step (a), parallel to the base of the triangle. Hence, 
the line including between the edge (a:) and edge (6) 
is the required line of 7’-7", providing the base of the 
triangle is 8 in. 














Fic. 7. Manipulation Case (3). 





INSPECTION OF PLUMBING IN SCHOOLS URGED 


With the lesson of the amebic dysentery outbreak during the late Cen- 
tury of Progress still fresh in mind, the joint committee on the health 
problems in education of the National Education Association and the 
American Medical Association urges school boards and executives to have 
all plumbing installations in school buildings surveyed by competent 
engineers. 

The spread of the dysentery outbreak, which took many lives, was 
traced to faulty plumbing connections in two Chicago hotels. Pollution of 
drinking water by back siphonage from sewage connections was dis- 
covered, and this danger, health authorities point out, may exist in many 
unsuspected places. 

Apparently safe, modern and sanitary plumbing installations in schools 
and other buildings may contribute to a false sense of security. Warning 
of this false security and against the health hazard of faulty plumbing as 
well, appears in the resolution adopted by the joint committee which is 
published—just as the school year opens—in the current issue of the 
American Journal of Public Health, 























A COMPARATIVE STUDY OF NATURE 
EDUCATION PHILOSOPHIES* 


By E. LAURENCE PALMER 
Cornell University, Ithaca, New York 


It was the hope of your President that this day’s discussion 
might result in clearing up some differences or misunderstand- 
ings which exist in the field of philosophies on which nature study 
activities have been built. Any casual examination of the litera- 
ture of the last decade would show definitely that many have 
not understood what had been done by others and others had 
not a desire to learn what had been done by others. It seems only 
fair at this time that some honest attempt be made to interpret 
the philosophies of all, not for the sake of widening breaches, 
but for the sake of uniting efforts for the good of all. 

There have been organized efforts by influential and serious 
leaders to change the name of this Society to avoid the use of 
the term Nature Study. Your President has been one of those 
who have felt that such a change was neither necessary nor de- 
sirable. It seems only fair that some explanation of that stand 
be here made. 

In planning this program an attempt was made to bring to- 
gether as many people with conflicting views as possible to the 
end that a better understanding might result. I regret that the 
very people who, in my judgment, most needed information 
on the work of this Society and of its backers through the years, 
were not able to attend. The result is that so far as I see it we 
will have today a series of papers in which there will probably 
be expressed little difference of opinion of a fundamental nature 
even though there may be differences of emphasis as there 
should be. 

That there have been and are mistakes which have been made 
by advocates of nature study I would be the last to deny, but 
in my judgment there have been as many and more serious 
mistakes made by the opposition. Some of these have been so 
ridiculous that it is surprising that they have not been more 
obvious. 

Before going into such matters, however, I wish to make a 
suggested basis of judgment of philosophies. To do this we 


* Read at the twenty-ninth annual meeting of the American Nature Study Society in St. Louis, 
December, 1935. 
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should, as I see it, recognize at least four categories which should 
be kept in mind. 

Any study of nature must keepin mind the objective materials 
which are used to supply the source of stimulus. Too often these 
alone have been given consideration. Too often, too, these have 
been considered only in a highly specialized way. These mate- 
rials may range from infinitesimally small electrons and protons 
to the infinitely comprehensive cosmos. No child or casual stu- 
dent of nature or, for that matter, no great scholar in the field, 
can ever master all that lies at either extreme, to say nothing of 
that which lies between..It is my recollection that the members 
of this Society have ordinarily held that the objective material 
used should be truly that; it should be represented by materials 
at hand, not by word or picture representations of the materials. 
Miss Conover of Detroit some years ago drew up as a chairman 
of a committee of the Society definite commitments of this sort 
which probably were never read by some of our most severe 
critics. 

These objective materials might be divided in an increasingly 
comprehensive series into such groups as the following: 

1. The elements; 2. Compounds and mixtures; 3. Inorganic 
units; 4. Artifical units such as machines; 5. Organic units, 
plants and animals; 6. Ecological units; 7. The cosmos. 

Any well versed student of nature presumably would be able 
to think with some degree of intelligence in each of these fields 
or rather to interpret with some degree of intelligence the 
objective materials of each of these groups. Too often specializa- 
tion has begun too soon or been adhered to too long. 

Objective materials have frequently been the sole basis on 
which programs have been built. A former president of this 
Society once attempted to draw up recommendations as to 
what should be taught by trying to find out the number of 
times the cabbage butterfly appeared in outlines used through- 
out the country to the end that if it was the most frequently 
used insect it should be. I cannot myself follow this bootstrap 
philosophy. In my judgment it was carried to its absurd extreme 
in Curtis’ ‘Synthesis and Evaluation of Topics in General 
Science’”’ where the method labored greatly like the mountain 
and produced a philosophy which held that Mars was more 
important as a topic of study than any thing which had to do 
with the human body or with any plant or animal or group of 
plants or animals on the planet on which we happen to live. 





a 
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In the March, 1933 issue of the University of Michigan 
School of Education Bulletin, Curtis says in criticism of nature 
study, and in support of what he calls science, that nature study 
has ‘‘often been exotic, being composed of discussions of cobras, 
hippopotami, flying fish and other topics romantically remote 
from the humdrum familiarity of the child’s environment.” 
This statement has always delighted me because it has been 
almost exactly the criticism I have made for years of the leaders 
of the so-called elementary science group. My principal differ- 
ence of opinion with Craig of Columbia has been criticism of 
his support of teaching of exotic objective materials. So far as 
I know no nature study outline gives the emphasis to hippopot- 
omi that Craig does in his Horace Mann outline where in 
New York City they study how the mother hippo cares for her 
young on the River Nile, how the mother salmon cares for her 
young in the Columbia River and how the prairie dogs of the 
middle west care for their young. All this without a word about 
how the mother sparrow, rats, cats, ants, starlings, or humans 
care for their young on the sidewalks of New York. Again I 
have criticized Craig for his teaching children in the very low 
grades not just that migrating birds are here or away from us in 
the winter, but of teaching about where they are and what they 
find where they are. It seems to me that this philosophy of 
Craig’s is exactly the sort of thing that Curtis criticizes in na- 
ture study, and strange to say I can’t find it in nature study as 
commonly as I can find it in the philosophy of programs Curtis 
supports. I am sorry that time does not permit my continuing 
this discussion. 

A second category distinct from that of the objective material 
consists of the consideration of the subjective principles. Good- 
ness knows we have heard enough of that in the last few years. 
I would not for a minute contend that the emphasis has not 
borne good fruit but it has also borne much that is sour to my 
taste and I think may result in intellectual indigestion if not 
handled with care. 

Interestingly enough these subjective principles have been 
designated as objectives though I cannot see how they can in 
themselves be objectives any more than I can see how they can 
be at all significant unless built on a variety of appropriate 
first-hand experiences which contribute to their true apprecia- 
tion. I believe that in this stand I agree entirely with Dr. Bayles 
who with myself was one of the few who dared raise any criti- 
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cism of the Thirty-first Yearbook which attempted to wipe 
out a past which some of its authors apparently knew little 
about. These subjective principles have been divided into major 
and minor objectives though I still cannot see how they can 
themselves be objectives. Their understanding might be an 
objective but they themselves are not. 

As I see these subjective principles they readily may be di- 
vided into at least four groups. The more highly specialized of 
these deal with principles concerned with properties of matter. 
These include not only the physical and chemical nature of 
matter but its relation to heat, light, magnetism, sound and to 
mechanical energy. The so-called science group so far as I can 
see has failed to profit by applying the nature study philosophy 
to the development of these principles. Sound, light, heat and 
electricity and magnetism are studied almost solely through 
their manifestations by inorganic or at least dead objective 
materials. The songs of birds, the psychological effects of light 
and the general significance of heat are left out of the picture by 
them. One state science outline held that a thermometer was 
essential to the regulation of temperature though so far as I 
know a thermometer cannot possibly regulate temperature. I 
showed this statement to one of my friends who later went with 
Byrd to the Antarctic. From him in the Antarctic I received a 
cablegram expressing the wish that he had such a thermometer 
to provide him with some needed heat. 

Other subjective principles deal with space relationships in- 
volving not only the measuring but the mastery of space in 
terms of the abilities of the students. 

Time relationships involve other subjective principles and 
include not only cycles but sequences of individuals and races 
of individual living and inorganic objective materials. 

It might be better to consider my criticism of the so-called 
science approach to these principles and the approach which I 
designate as the nature study approach. I doubt if the nature 
teacher would be so much concerned with immediate apprecia- 
tion of how old the earth was or how many miles it was in diam- 
eter or how many miles it was from the sun as he would be 
with first knowing something about how big a mile was and 
what was likely to happen in the next hour or day in his own 
back yard. Liberty Hyde Bailey, the author of “The Nature 
Study Idea” once said of science teaching to children that we 
start our children off on an exploration of the universe whirling 
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around in space. Finally we get to the sun and after a while come 
down to earth. Usually he said we land somewhere in the south- 
ern hemisphere and when we finally get back to our home town 
we don’t recognize it. I cannot help but feel that some such 
result may come from attempting to teach principles as objec- 
tives as some of the advocates of abandoning nature study would 
advise us. 

A fourth group of subjective principles concern themselves 
with interrelationships such as food problems, social adjust- 
ments, protection, balance and the like. 

I doubt if there is any serious difference of opinion on how 
subjective principles and objective materials should find a place 
in nature study by those of us who have been identified with 
this Society over a decade or who have taken the time to study 
the works of Bailey, Bigelow, Comstock and Jackman. Possibly 
Downing of Chicago might provide an exception to this general- 
ization. 

There is a third category which must be given consideration, 
however, in which certainly there is a difference of emphasis 
though not a difference which results in serious conflict. Possibly 
I can best identify the philosophies of the leaders through the 
emphases they have given to these different functions. This 
category concerns itself with consideration of what we look for 
of importance in the subjective principles as they apply to the 
objective materials. Nature study has received some of its most 
severe criticisms for these emphases and some of this criticism 
has been deserved but again I doubt if the critics have the slight- 
est right to call the kettle black as I hope to show. 

For the purpose of discussion, but without any attempt at 
a logical arrangement, let us consider some of these functions. 
These might be economic, vocational, health, intellectual, rec- 
reational, emotional and aesthetic. Some might wish to add 
religious, though I personally cannot see the appropriateness of 
its inclusion here. 

In my judgment the failure of nature study to establish or 
maintain a standing in many places has been due essentially to 
too much specialization in one or another of these functions. I 
feel that the science group with which I have much in common 
would do well to recognize this and widen their functional out- 
look lest they, too, make mistakes made by the nature study 
leaders. 

Much of the school garden and elementary agriculture work 
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which has been and is identified with nature work has failed of 
its greatest possible service through too great emphasis on the 
economic and vocational functions. This has not always been 
so as shown by some of the work done in Washington, D. C., 
Springfield, Massachusetts, Pittsburgh and Illinois. It cannot 
be denied however that some of that work is being overshadowed 
by work which emphasized other functions to the study of en- 
vironment. That other emphasis is worthy of consideration by 
those who advocate primary emphasis on the economic and 
vocational phases. One interesting sidelight on this has been 
that school garden work received a warmer welcome in some of 
the larger cities than it did in some rural districts and not until 
the 4-H Clubs came along and supplied to rural youngsters 
something in addition to the economic and vocational angle 
did any real enthusiasm for the work develop. With this added 
stimulus we have rural children going on with their 4-H in- 
terests through youth to maturity. The citizenry which they 
represent is becoming increasingly intelligently vocal. 

The civic and health functions of nature study or elementary 
science have been supported best possibly by Hunter and by 
Alice Jean Patterson. In her last printed statement published 
in the Nature and Science Education Review, Miss Patterson 
pointed out the probability that a wider function should and 
probably would be recognized in the field of nature study. 

The purported intellectual functions of nature study or of 
the study of immediate or remote environment seem to be 
coming possibly too strongly into their own. Glib recitation 
of fact read from books about things never seen are offered as 
substitutes for challenging questions about things which may be 
seen, felt, tasted or heard. 

Of one of the books advocated by Curtis in the previously 
quoted article he says that “‘the leaders in the field of science 
education are making effectual efforts to prepare instructional 
materials for elementary science which embody the best inter- 
pretations of recent trends and progress in this field.’’ In spite 
of this glowing support the books in question provide some food 
for thought not for the children who read them but for the teach- 
ers who would advocate their use. In one, much is made of the 
fact that deer have horns so that they can push the snow back 
to get their food in winter, taking no thought of the fact that 
does and fawns have no horns and that the bucks lose their 
horns in winter. In spite of what this book says, some of the 
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deer manage to live through the winter. Again this series gives 
a large illustration and a couple of pages to the study of the 
parasitic habits of some ichneumon flies, explaining with con- 
siderable detail that the cocoons are ‘“‘eggs of a fly’”’ which did 
not hatch largely because of the fact that the caterpillar food 
had been used up by those which hatched first. All of which is 
interesting but not a word of which is true. I can find no such 
errors in the words of the early supporters of the nature study 
idea such as Comstock and Bailey, or in present day supporters 
such as Vinal or Patch, and until I find the leaders in the science 
movement as accurate as the leaders in nature study I see no 
reason for making a change of support. 

Much to-do has been made by Curtis and one of his students, 
Dr. Robertson of New York University who calls me his 
friendly enemy, about what facts should be included at differ- 
ent grade levels particularly in the lower grades. I confess my 
inability to enthuse over the results though I personally like 
Robertson and Curtis very much. 

Robertson in the February and April, 1935 issue of Science 
Education publishes a long list of principles which he holds may 
be taken as ultimate goals or outcomes of science in the ele- 
mentary field from grades one to six. He claims that he got 
these by submitting a long list to specialists who were to in- 
dicate those which were thought to be suited or not suited as 
ultimate goals for these grades. I happen to have been one of 
the specialists to whom this list was sent. In the original list, 
and for that matter the only one I received, the word ultimate 
did not appear. I asked if it was desired that the goals be 
selected on the basis that they might be immediately or ulti- 
mately significant and received a reply that they might be 
ultimately so. At that I checked every principle on the list as I 
remembered it, unless I got tired along towards the last and 
left a few out. It seems to me that when a child learns to add 
two and two, or even one and one, he is working towards an 
ultimate goal in the field of research in higher mathematics. 
In fact there is little in the elementary school experience which 
does not contribute to an ultimate goal in scientific research. I 
know of no research, no matter how profound, which is not 
made possible in part because of knowledges and skills gained 
in the elementary school experience. 

But let us not speak in generalizations about this work of 
my friendly enemy Robertson. If we would believe what he has 
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published, we would teach in the first six grades that in the 
northern hemisphere great volumes of air revolve in a counter 
clockwise direction and in the southern hemisphere they revolve 
in a clockwise direction. Then if we put that into our answer 
when we took Dvorak’s general science test a year or so later, we 
would lose a point on our grade. We would learn in the first six 
grades that “the force of attraction or repulsion between two 
magnetic poles varies directly as the pole strength and inversely 
as the square of the distance between the poles” and so on. 
I do not mean to question the truth of these principles but I do 
question the grade placement of many. 

In another study made by this same group of advocates that 
we desert nature study and take up what they call science, I 
was asked to evaluate six studies numerically. As I remember 
it, one was a city course of study, one a doctor’s thesis of the 
stenographic type, one a doctor’s thesis of the philosophic type, 
one a section of a proposed state course of study, and the other 
two I do not remember. I wrote back to ask how or for what 
purpose they were to be evaluated, feeling that if I wished a 
course of study for one of the cities considered the course of 
study for that city probably would be better than some of the 
other studies. I felt that some basis of comparison should be 
established, but all they said was that they wished me to give 
a numerical evaluation so that they whould have something 
objective with which to work. I laid the six studies on my desk 
and evaluated them on the basis of their value as paper weights 
and sent them to the researchers. To date I have had no com- 
ment on my action but I learned that of the six who were asked 
to give a numerical evaluation only one other than myself 
hesitated to compare the incomparable. If this is science I pre- 
fer to be identified in the field of nature study. 

This brings us to a consideration of phases of nature study 
emphasis which in isolated instances have led to much justified 
criticism—the emphasis on the recreational and emotional func- 
tions to come from experiences with our environment. Curtis in 
the previously quoted paper says “At its worst, nature study 
has hardly deserved to be considered as science since it has con- 
sisted of the reading of nature poetry, of the telling of nature 
fables and fairy tales with their almost inevitable suggestions of 
teleology, and of rhapsodizing about ‘birdies and flowerlets.’”’ 
This attempt to employ ridicule I am sure makes him overshoot 
the mark. It is true that too much emphasis on these phases 
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of nature study can hardly lead to what one should call science. 
I came through the grades myself during a time when some of 
my teachers held the view that if I spoke about a woodman 
sparing a tree ora ‘little sandpiper and I,” I was doing enough 
in understanding my environment. I liked the lilt of the 
verse about the sandpiper but I never recognized him as the 
same bird I was shooting as a tip-up and I’m sure George 
Washington’s hatchet never inflicted more injury on trees than 
did one which I got for Christmas once. Work with these verses 
was not functioning and cannot function completely unless as 
Bayles will I am sure contend it is based on some real first-hand 
experiences. I feel, however, that Curtis’ attempt to discount 
the value of aesthetic experiences is dangerous because there is 
something to be gained from a walk in the woods not to be 
found in ‘‘An Introduction to Science.” Shirling, I am sure, will 
defend this view and whether Vinal supports it through the me- 
dium of a verse I cannot say, but I am sure he has shown thou- 
sands of his fellow men effectively how to live with nature har- 
moniously. We need much more of this incorporated into the 
philosophy of those who have advocated desertion of the stand- 
ards of nature study for what they call science. 

For my own part I am not ready to concede that appreciation 
of poetry and music and art as attempts to interpret nature do 
not have some place in science. If taking over the new term 
demands that I abandon this possibility I am not ready to make 
the change myself. I can think of plenty of poets who are supe- 
rior in the field of description to many who to my knowledge 
have never attempted to write in this form. I like such expres- 
sions as ‘‘the double triad of perfect snowflakes, the wake-robins’ 
trinity sign, the rareness and pureness of ether, the rare blue 
of Clintonia berries, the trueness of spirit levels, the pure white 
light of Spica” andsimilarsuccinct descriptions the like of which 
I never find in writers of science books for the elementary or 
secondary schools. If nothing else these opponents of the poets 
could learn from them conciseness if they would only take the 
time to read the right ones. 

When one remembers that these advocates of the abandon- 
ment of nature study are planning work for the first grade as 
well as for the upper grades I am not quite ready to say that 
there are not children to whom I might now and then mention 
a birdie or a flowerlet though I hope I would not overdo it. 

While we are considering the offerings of nature study or 
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science aside from their contribution to economic or intellectual 
advancement, it does seem that the so-called science group is 
failing to recognize a genuine service which may and should be 
made to those whose interest in the field may not be wholly 
serious or wholly identified with science texts. Nature clubs, 
Audubon Societies and groups of people who only now and then 
show a serious interest in nature science have a right to the 
support of professional nature or science teachers. Not all of 
the elementary school children will become civil engineers and 
research astronomers, we hope. 

I hope that nothing I have said will be interpreted to mean 
that I am opposed to a close identification of true elementary 
school science and nature study work. The fact that this organi- 
zation has been identified from the first with the American 
Association for the Advancement of Science shows that such 
affiliation was recognized as desirable by its founders. There is 
little if anything that is good sound elementary school science 
which does not have a place in nature study. It is my hope, 
though, that much which is being offered as good elementary 
school science may not be identified as nature study. I for one 
am glad that we still have the standard of nature study under 
which we may rally and with the enlightenment which has come 
through the years build on the philosophies held by Jackman, 
Harris, Bailey, Bigelow and Comstock. 


POWER ALCOHOL 


Denying that alcohol] blended gasoline is losing favor in Germany, Dr. 
Friedrich Bergius, Nobel chemist and inventor of oil from coal and sugar 
from wood processes, predicts that ‘‘a proper blend of ethyl (grain) al- 
cohol, methyl (wood) alcohol, benzene and gasoline bears promise of sup- 
plying the world with the ideal motor fuel for internal combustion en- 
gines.”’ 

Dangerous carbon monoxide in the exhaust gases would be reduced to 
the vanishing point by this properly blended fuel, Dr. Bergius contended 
in his statement issued by the Farm Chemurgic Council, protagonists for 
power alcohol made from farm products. 

The Bergius opinion is considered a reply to a recent U. S. Bureau of 
Foreign and Domestic Commerce report that alcohol blended motor fuel 
was losing popularity in Germany. Dr. Bergius explained that the German 
situation with regard to farm products is now quite different from that in 
the United States and that there is a smaller surplus of potatoes and other 
starch and sugar crops from which power alcohol in Germany can be made. 
He does not expect synthetic gasoline made from coal by his process to 
conflict with power alcohol since 20 to 25 per cent, twice the amount now 
usually blended, could be utilized effectively in Germany if the alcohol 
were available. 
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PROGRAM OF THE ANNUAL CONVENTION OF 
THE CENTRAL ASSOCIATION OF SCIENCE 
AND MATHEMATICS TEACHERS, INC. 


Hotel Coronado, St. Louis 
November 27 and 28, 1936 


ANNOUNCEMENTS 
Railroad Rates 


No direct concessions in railroad rates have been arranged for this 
meeting. However, most railroad companies offer Thanksgiving rates. 
Bus lines offer attractive rates to St. Louis. Excellent highways leading to 
St. Louis from all directions, and the usual open weather at Thanks- 
giving time make travel by automobile possible. 


Headquarters 


The Coronado Hotel has been designated as the official Headquarters. 
All meetings, banquets, luncheons, exhibits and convention functions will 
be held there. Information and registration desks will be in the lounge, 
first floor west. Exhibits in the El Cortez room which lies between the 
lounge and the Club Caprice in which the banquet and general meetings 
will be held. Section meetings are assigned in nearby rooms. 


Location 


The Coronado Hotel is located on Lindell Boulevard at Spring Avenue. 
Local transportation on Lindell Buses, Lindell-Waterman Service Cars 
and Delmar, Maryland or University Street Cars. Car parking—Coronado 
Garage—50c. Coronado also furnishes free parking for its guests just 
across the street from the hotel. 

Rates 


Hotel rates at the Coronado Hotel are: 
Suites of two single rooms connecting with shower bath in between per 


room—$2.00 
Single rooms with private bath—$2.50—$5.00 
Double rooms with bath—$3.00—$6.00 
Suites consisting of a double room with twin beds, a single room and pri- 


vate bath—$6.00 
Parlor suites consisting of living room, twin bedded room and private 


bath—$5.00-$10.00 


GENERAL PROGRAM 
Friday, November 27, 1936 
Coronado Hotel, St. Louis, Missouri 
MORNING 
GENERAL SEss1onN—Club Caprice—First Floor—9:00 a.m. 
9:00 Music, Soldan High School Instrumental Ensemble 
Ernest P. Hares, Director. 


9:30 Address of Welcome, Superintendent Henry J. Gerling, St. Louis. 
9:45 Response for the Association, Ira C. Davis. 
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10:00 Science in the Southland, Dr. Peter Blos, Metairie Country Day 
School, New Orleans, Louisiana. 

10:40 How Science and Mathematics are Taught in the Missouri Schools, 
Superintendent John L. Bracken, Clayton, Missouri. 

11:20 Seeing the Invisible, Dr. Herbert H. Johnson, Eastman Kodak Com- 
pany. 

12:00 Adjournment. 

Noon 


Those wishing to have lunch at the Coronado Hotel are advised to con- 
sult the menu cards at the Information Desk. The clerk at the desk will be 
glad to make reservations for your party. 


GENERAL PROGRAM 
Friday, November 27, 1936 
Coronado Hotel, St. Louis, Missouri 
AFTERNOON 

SECTION MEETINGS—2 :00—4:30 P.M. 

ExuIBITts—E] Cortez Room—First Floor—4:00—6:00 P.M. 
ANNUAL REcEPTION—Lounge—First Floor—5 :00-6:00 P.M. 

Miss Myrtle McGee in charge. 





EVENING 
Admission by ticket 

ANNUAL DINNER—Club Caprice—First Floor—6:00 p.m. 
6:00 Dinner Served—Tickets $1.50. Purchase your tickets at the regis- 

tration desk. 

Music—Beaumont High School Girls Novelty Orchestra 

E. P. Stamm, Director. 

8:00 Adventures in Out Door Science—John Y. Beatty, Editor, Author, 

Naturalist. 


GENERAL PROGRAM 
Saturday, November 28, 1936 
Coronado Hotel, St. Louis, Missouri 
MoRNING 
ANNUAL BusINEss MEETING—Club Caprice—First Floor—8 : 15-9 :00 a.m. 
All members of the Association are eligible to attend this meeting, Your 
attendance is expected. Please be on time. 


GENERAL SEss1on—Club Caprice—First Floor—9:00 a.m. 


9:00 Music, Vashion High School Choral Club 
C.S. Tocus, Director. 

9:30 The Relation of Mathematics to Economics, Professor Theodore 
Yntema, The University of Chicago. 

10:20 Factors Influencing Success in Science and Mathematics, Professor 
Ralph C, Bedell, Director Bureau of Guidance, State Teachers 
College, Kirksville, Missouri. 

11:10 The Amorality of Science, Dr. Gustave Lippman, Pediatrician, St. 
Louis, Missouri. 

12:00 Adjournment. 

Noon 


LUNCHEON—French Room—First Floor—12:30—2:00 P.M. 





—— cma ay. 
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All newly elected officers, new and retiring members of the Board of 
Directors, the Editor and Business Manager of the Journal are expected 
to be present at this luncheon. Tickets $1.00. 


SECTION MEETINGS 
Biology 
Hotel Coronado—French Room—First Floor 
Friday, November, 27, 2:00 p.m. 
R. B. Simon, Chairman, Western Reserve Academy, Hudson, Ohio. 
John W. Kendrick, Vice-Chairman, Arsenal Technical High School, In- 
dianapolis, Indiana. 
Lillian D. Bondurant, Oak Park-River Forest Township High School, Oak 
Park, Illinois. 
PROGRAM 


Appointment of Nominating Committee 

2:00 Plant Hormones—(Illustrated), Dr. W. J. Robbins, Professor of 
Botany, University of Missouri, Columbia, Missouri. 

2:30 Bacteriophages—(Illustrated), Dr. J. J. Bronfenbrenner, Professor 
of Bacteriology and Immunology, Washington University Medical 
School, St. Louis, Missouri. 

3:00 Election of Officers. 

3:05 Biology in the Southland, Dr. Peter Blos, Teacher of Biology, Me- 
tairie Park Country Day School, New Orleans, Louisiana. 

3:45 The Visual Route to Education, Arthur O. Baker, Teacher of Biology 
John Marshall High School, Cleveland, Ohio. 


Chemistry 
Hotel Coronado—Parlor B—Lower Level 
Friday, November 27, 2:00 P. M. 
_ <i Chairman, George Washington High School, Indianapolis, 
ndiana. 


Jesse L. Van Horn, Vice-Chairman, Lincoln High School, Cleveland, Ohio. 
R. E. Whitney, Secretary, Marshall High, School, Chicago, Illinois. 


PROGRAM 


Appointment of Nominating Committee. 

2:00 Integration of Personality Evoked by Pandemic Chemistry, Miss 
Ernestine M. J. Long, Department of Chemistry, Normandy High 
School, St. Louis, Missouri. 

2:30 The Point System of Grading as a Means of Securing Greater Pupil 
Participation in High School Chemistry Classes, Kenneth E, Conn, 
Head of the Department of Chemistry, Bloomington High School, 
Bloomington, Indiana. 

2:00 Election of Officers. 

3:°5 Correlation Between High School and University Chemistry, A. E. 
Goldstein, Department of Chemistry, St. Louis, Missouri. 

3:35 Some Phase of Industrial Chemistry, speaker to be announced. 


Elementary Science 
Hotel Coronado—Club Caprice—First Floor 


Friday, November 27, 2:00 P.M. 
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Lillian Hethershaw, Chairman, Drake University, Des Moines, Iowa. 

Geraldine Schontz, Vice-Chairman, Indiana State Teachers College, Terre 
Haute, Indiana. 

Glen Blough, Secretary, Michigan State Normal College, Ypsilanti, Mich- 


igan. 


Appointment of Nominating Committee. 

2:00 A Science Unit for the Fourth Grade—Rocks and Minerals in Every- 
day Life (Illustrated) with Pupil Activities, Illa Podendorf, Super- 
visor of Elementary Science, Newton, Iowa. 

2:25 A Science Unit for the Fifth Grade—Fire and Air, David Russell, 
National College of Education, Evanston, Illinois. 

2:50 What Can the Junior High School Teacher of Science Expect from the 
Elementary Pupil? Ellsworth Obourn, John Burroughs School, Clay- 
ton, Missouri. 

3:15 Election of Officers. 

3:20 How to Present the Topic of Insects to a Fifth Grade, Clara M. 
Heising, Field School, St. Louis, Missouri. 

3:40 Home Life of Birds, Illustrated with Lantern Slides, Henry M. Ken- 
non, St. Louis Zoo, St. Louis, Missouri. 

4:05 Exhibits: 

Text and Reference Books in the Field of Elementary Science 
Pupil’s Work in Science. 


Appointment of Nominating Committee. 

2:00 How to Keep Forty Busy, Henry P. Harley, General Science Train- 
ing Teacher, Fairmount Junior High School, Cleveland, Ohio. 

2:30 Class Demonstration, L. F. Pinkus, St. Louis, Missouri. 

3:00 Election of Officers. 

3:05 Recent Developments in Color Photography—(Illustrated), Herbert 
H. Johnson, Eastman Kodak Company. 


Appointment of Nominating Committee. 
2:00 Our Cereal Crops, a Method of Teaching a Unit in the Seventh Grade 
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General Science 
Hotel Coronado—Parlor D—Lower Level 
Friday, November 27, 2:00 P.M. 


Alma Thomas, Chairman, Audubon Junior High School, Cleveland, Ohio. 

Carl F. Hanske, Emmerich Manual High School, Indianapolis, Indiana. 

Theodore, J. Kuemmerlein, Secretary, Boys’ Technical High School, Mil- 
waukee, Wisconsin. 


Hotel Coronado—Parlor A—Lower Level 
Friday, November, 27, 2:00 P.M. 
Virgil O. Petty, Chairman, Berger School, South Holland, Illinois. 
Clarence R. Breeze, Vice-Chairman, North Side High School, Fort Wayne, 


Indiana. 
Ethel Mills, Secretary, Soldan High School, St. Louis, Missouri. 
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—(Illustrated), Rachel Hunt, Forest Park School, Fort Wayne, 
Indiana. 

2:30 Home Gardening in Fairbanks, Alaska—(llustrated), Edna M. 
Gueffroy, Illinois State Normal University, Normal, Illinois. 

3:00 Election of Officers. 

3:05 A Journey through the South Seas, George M. Park, M.D., St. Louis, 
Missouri. 

3:35 An Analysis of the Geographic Aspects of the South Seas, Lewis F. 
Thomas, Ph.D., Head of the Geography Department, Washington 
University, St. Louis, Missouri. 

4:05 How to Make Geography the Most Popular School Subject, John Y. 
Beatty, Chicago, Illinois. 


Mathematics 


Hotel Coronado—Crystai Room—First Floor 
Friday, November 27, 2:00 P.M. 


Clarence J. Leonard, Southeastern High School, Detroit, Michigan. 
Vivian B. Ely, Vice-Chairman, George Washington High School, Indian- 
apolis, Indiana. 
Eleanor E. Bachet, Secretary, Oak Park-River Forest Township High 
School, Oak Park, Illinois. 


PROGRAM 


Appointment of Nominating Committee. 

2:00 Evaluating Appreciation of the Cultural Values of Mathematics, Dr. 
Maurice L., Hartung, Evaluation Staff of the Eight-Year Study, 
Progressive Education Association, and Research Associate, Ohio 
State University. 

2:49 Adapting the Curriculum to Our Era, Dr. Anna A. Stafford, Instruc- 
tor in Mathematics, University of Nebraska. 

3:20 Election of Officers. 

3:25 Mathematics in the Junior College, Dr. J. S. Georges, Wright Junior 
College, Chicago, Illinois. 


Physics 
Hotel Coronado—Pine Room—First Floor 
Friday, November 27, 2:00 P.M. 


Charles L. Brosey, Chairman, Arsenal Technical High School, Indian- 
apolis, Indiana. 

Louie R. Hull, Vice-Chairman, South Side High Schook, Fort Wayne, 
Indiana. 

N. E. Neal, Secretary, East Technical High School, Cleveland, Ohio. 


PROGRAM 
Appointment of Nominating Committee. 

2:00 Some Modern Methods for the Improvement in High School Physics, 
James P. Davis, Clayton High School, Clayton, Missouri. 

2:30 The Influence of Geometry upon the Physical Sciences, Professor 
Frank W. Bubb, Mathematics Department, Washington Univer- 
sity, St. Louis, Missouri. 

3:00 Election of Officers. 

3:05 The Future of the Special Sciences in the Senior High School, Pro- 
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fessor Ralph K. Watkins, School of Education, University of Mis- 
souri, Columbia, Missouri. 

3:40 Visual and Audial Effects of Filter Circuits upon Recorded Sound, 
James M. Althouse, Soldan High School, St. Louis, Missouri. 


PROBLEM DEPARTMENT 


CONDUCTED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to G. H. 
Jamison, State Teachers College, Kirksville, Missouri. 





SOLUTIONS AND PROBLEMS 


NOTE. Persons sending in solutions and submitting problems for 
solution should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solutions. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted 
in the best form will be used. 


LATE SOLUTIONS 
1442. Glenn F. Hewitt, Chicago. 
1448. Proposed by Samuel Barkan, New York City. 
In triangle ABC, if cot A+cot B+cot C=, 3, prove A =B=C =60°. 
First Solution 


By Samuel Welkourtz, New York City. 
By drawing altitude CD it can be easily seen 


P 
that cot A+cot B=—. 
h, 
. , b 
Likewise cot A+cot C= j 
he, 
a 
nd cot B+cot C= 
la 
a b c . 
cot A+cot B+cot c=3( +—+ ‘= 3. (1) 
ha hy h, 
= _ aha bly ch, De ee ee a 
Since area K= - - = }4/2b2c?+ 2022+ 2a2h? —at—hi—ct 


2 2 2 





— —_— .. 
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a a? b b2 c c 
ha 2K hb, 2K h. 2K 
a?+b?+c? " 
——_=7/3 
4K 


a®+b?+¢? = V/ 6b%?+60°c? + 60%? — 3at— 3b'—3c4 
Square both sides and transpose and divide by 2 
2a*+ 2b4+ 2c* — 2a2b? — 2a2c? — 2b*c? =0 
(a?—b?)24 (a2—c?)?4+-(c2—b?) =0 


a=b*’=c? or a=b=c. 


Second Solution 
By Samuel H. Barkan, Benjamin Franklin High School, New York City. 
Since C=180°—(A+B) 
Then cot A+cot B—cot (A+B)=y 3 
cot A cot B—1 ” 


‘ot A+cot B— = 
" = cot A+cot B 


Let cot A=x and cot B=y. 

Bos xy—1 

Then x+y- ae =/3 
etarytyt+l=rxrV3+yy 3 

or e+(y—V 3)x+(y?—yvV/ 34+1) =0. 


V3—yt+i(yV/3—1) 
:= - 
2 


Since x and y are real cotangents, the imaginary term must equal zero 


Solving for x, 


Hence yV3—-1=0 or y=cot B=1/3V3 
B=60°. 


By a similar process we obtain x =cot A =1/3y3 


or A=60°. 
Hence C=00° 
A=B=C=060". 


Solutions were also offered by Hugo Brandt, Chicago, A. R. Haynes, 
Tacoma, Samuel M. Cohn, Philadelphia, Maxwell Reade, Brooklyn, 
Charles W. Trigg, Los Angeles, and Ivan Niven, University of British 
Columbia. 

1449. Proposed by G. S. N. Ayyar, Tiruvilwamala, India. 
a— a— 1 1 —4 
ie —4 show that ~ = ae 

b—p qb (a—p)(b—p) (a—g)(q—b) (a—b)? 

Solution by the proposer. 
(1) Put 
a—p a~-q_ . 
b—p q—b , 
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(2) Find p and gq in terms of k, a, b. 

bk—a bk+a 
i See <9 

(3) Substituting these values of p and q in the left member of the propo- 
sition to be proved, we find 





Thus 


- 1 tet) RT) RN) (+1) 
(a—p)(b—p) (a—q)(q—b) k(a—b) (a—b) k(a—b) (a—bd) 
_ (k=1)?=(k+1)? _— — 48 4 





“k(a—b)?—sk(a—b)?—— (a—b)? 

Solutions were also offered by Maxwell Reade, Hugo Brandt, Chicago, 
Seymour J. Sherman, New York, A. R. Haynes, Tacoma, W. E. Buker, 
Charles W. Trigg, and Aaron Buchman. 


1450. Proposed by Charles W. Trigg, Cumnock College, Los Angeles. 


Find a digit » which if repeated (m—3) times will be one more than 
(n—1) to the (w —2)nd power. Show it to be unique. 


Solution by James A. Lemon, Englewood, Ohio. 


There are only ten digits, namely, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Since the 
digit, m, is to be repeated (x —3) times, (7 —3) must be at least the digit, 1, 
and m must be at least 4. Thus 0, 1, 2, 3 are eliminated. 

Trials show that— 


4-1 +3? since 3# 9 
55-1 +48 since 54+ 64 

666 —1 #54 since 665 ¥ 625 
7777 -1=65 since 7776= £7776 
88888 —1 +78 since 88887 ~ 117649 
999999 —1 #87 since 999998 ~ 2097152 


Therefore, 7 is the only digit that satisfies the conditions and hence is 


unique. 
Solutions were also offered by H. R. Mutch, Glen Rock, Pa., Hugo 


Brandt, W. E. Buker, and the proposer. 


1451. Proposed by W. E. Buker, Leetsdale, Pa. 

If ABCD is a quadrilateral inscribed in a circle and point, P, is taken 
anywhere in the plane show that PA?- ABCD +PC- AABD = PB? 
-AACD+PD* AABC. 


Solution by Emanuel Schacker, New York City. 
AABC=}BE: AC sin E 
AADC=}3ED.- AC sin E 
PD*=ED*+EP?+2ED: EP cos DEP 
PP’=BFE?+ EP?—2BE-EP cos DEP 
(1) AABC-Pp?=4BE- AC sin E[ED?+EP?+2ED- EP cos DEP| 
~ 5 tgp. ED-AC-ED+BE- AC: EP? 
. +2BE:-AC:ED- EP cos DEP}. 
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(2) LADC-PB*=}ED- AC sin E[BE*+EP*—2BE: EP cos DEP | 


sin E . — 
— [BE- ED- AC: BE+ED: AC: EP* 


—2BE-AC-ED-EP cos DEP}. 


By addition of (1) and (2) and collection of terms, we get 


__ — me 
(3 ABC: PD*+AADC: PB = = 





[BE- ED- AC: BD+AC- BD: EP*|. 


a 
WZ 


ZI \ : 
ay 


Since BE-ED=AE- EC, the reult (3) is seen to be a symmetric ex- 
pression: 


_ _ sinE at 
ABCD: PA*+ ABAD: PC=—— [CE-AE-BD- AC+BD- AC: EP*] 


AABC: PD?+ AADC: PB?=ABCD- PA?+ABAD-: PC?*. 
A solution was also offered by the proposer. 


1452. Proposed by T. R. Harrison, Dawn, Ohio. 

In a service club of 50 members, the fifth name drawn at random out of 
a box, containing all the names, receives the prize. What is the probability 
that the one donating the prize will receive it? 


Solution by W. R. Smith, Chicago. 


Assuming that the name of the donor is one of the 50 names in the box, 
the chance that he will receive the prize is 1/50. The chance that any 
specified name will appear at any specified draw is 1/50, irrespective of 
which name and which draw are specified. 

The above statement can be proved in this case as follows. 

In order for the name to be drawn on the 5th, it must not be drawn on 
any preceding draw. 

The chance that it will not be drawn on the Ist is 49/50; on the 2nd 
48/49; on the 3rd 47/48; on the 4th 46/47. The chance that it will be 
drawn on the 5th 1/46. 

The total chances that it will be drawn on the 5th draw are 49/50 
«48/49 x 47/48 X 46/47 K 1/46 =1/50. 

Solutions were also offered by W. E. Buker, A. L. McWyrglinchbeath, 
Altoona, Pa., Maxwell Reade, Hugo Brandt, Charles W. Trigg, and 
James A. Lemon, Englewood, Ohio. 


1453. Proposed by G. S. N. Ayyar, Tiruvilwamala, India. 
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Prove that (a) the area of a triangle whose sides are the roots of 
x3 —tx?-+mx —n =0 is }\/t(4tm —f —8n), (b) the altitudes of the triangle 
are the roots of the equation 8R°X* —4mR?X? +-2inRx —n* =0, where R is 
the circumradius of the circle. 





(a) 

Solution of H. R. Mutch, Glen Rock, Pa. 
The area of a triangle whose sides are a, }, c, is given by formula 

K=y/s(s—a)(s—b)(s—o) 

= V/s[s8— (a+b+c)s*+ (ac+be+ab)s— abe). 
Since sides of triangle are roots of given equation, we have a+h+c 
=2s=1, ab+bc+ac =m, abc =n. 

Substitution yields, 


x i‘t/ eb BB mt 
~4 =( sate”) 


=i, t(4im—28—8n) . 
(b) 
Solution by Maxwell Reade. 
Since 


abe aha bh che 


‘= = — _ 


-— 2 2 2 
it follows that 
be ac ab 
he= > y= > he™ ‘ 
2R 2R 2R 


Then the equation with altitudes as roots is: 


be ac ab 
m (3) (2) (2) = 
2R 2R 2R 


Expanding (1), using the symmetric relations of (a) and multiply by 
8R°, we obtain 
™ SR°X%8—4mR2X2+2inRX —n?=0. 
Solutions were also offered by Charles W. Trigg, Seymour J. Sherman, 
New York City, Hugo Brandt, Chicago, Samuel M. Cohn, Philadelphia, 
and the proposer. 


HIGH SCHOOL HONOR ROLL 
The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems 
submitted in this department. Teachers are urged to report to the Editor 
such solutions. 
For this issue the Honor Roll appears below: 
No names for this issue. 


Problem for Solution 
1466. Proposed by James A. Lemon, Englewood, Ohio. 
Prove that in any triangle (not isosceles) the difference of any two sides 


—— 


ee 


SCIENCE QUESTIONS 917 
is to the difference of the projections of these sides on the third as the 
third side is to the sum of the two sides. 


1467. Proposed by Hugo Brandt, Chicago. 

A quadrilateral ABCD is inscribed in a circle with AB=2, BC =4, 
CD =6and DA, a diameter. Find DA. 
1568. Proposed by Amory R. Haynes, Tacoma, Wash. 

Simplify 


thro 


8—3x4(x?—1)\/?—4- 
—3x+(x?—1)\/2?—F42 
1469. Proposed by H. E. Tester, Isleworth, England. 
Find the condition that the line y=mx+c be tangent to the curve 
B4yi=I3xry. 
1470. Proposed by Aaron Buchman. Buffalo, N.Y. 
In a right triangle, with hypotenuse, c, and legs a and 4, if (a+) 
—(a—b)*=2c', find the acute angles. 
1471. Proposed by H. R. Mutch, Glen Rock, Pa. 
Find the values of a, 6, and c, so that 4x° —24x°+ax'+6bx5+cx® —40x+25 
is a perfect square. 


SCIENCE QUESTIONS 
November, 1936 


Conducted by Franklin T. Jones, 10109 Wilbur Avenue, 
Cleveland, Ohio 
Please send copies of Tests and Examinations to Franklin T. Jones, 10109 
Wilbur Avenue, Cleveland, Ohio. 
Send your most interesting question in Biology, Chemistry, General Sci- 
ence, or Physics. Join the GORA (Guild Question Raisers & Answers). Have 
your class answer or propose a problem or question. 


GOING THE “ROUNDS” 


769. The following question in gravity was going the rounds last spring in a 
high school. 
Given two men operating an ice-wagon. 


The truck load of ice weighs.......... ... 2000 Ib. 
I da 5 ive eecisesca ee 
The man driving weighs.................. 168 Ib. 
Radiator filled with 8 gal. of water weighs.. 300 Ib. 


If one-ninth (1/9) of the water leaks out, what does the man on the back 
weigh? ~ 
“THROUGH A GLASS DARKLY” 
770. Brother Felix John (GORA, No. 17) asks the Editor. 
“Have you read ‘Through a Glass Darkly’ by Stephen Leacock in the 
July (1936) issue of The Allantic Monthly, p. 94, et seq.? Try it and see 
how you like it.” 
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(I am sure Brother Felix John will like to know how any of the readers 
School Science and Mathematics like it. Please send comments to the 


Editor.) 


ELECTRICITY TEST—TRUE-FALSE 


1. Proposed by Wm. A. Porter (GORA, No. 148), Independent School Dis- 

trict No. 40, Chisholm, Minn. 

Liquids and non-metallic substances are generally good conductors of 

electricity. 

The volt is the unit of electrical pressure. 

. A conductor which is well supplied with points on its surface will re- 
tain a charge placed on it better than a smooth surface because of the 
increased surface area. 

. The best lightning rod systems are carefully connected to moist earth. 

. Acharge may be placed on a conductor by a second charged conductor 

with which it has no metallic connection, by electrostatic induction. 

A Leyden jar is a device used to increase the potential ofa series of 

dry cells. 

. A galvanic cell consists of a strip of copper and a strip of carbon in a 
jar of water. 

. The anode is the terminal at which the current enters the solution of 
an electroplating tank. 

. The ampere is the unit of pressure in electrical measurement. 

An ammeter is a device for measuring the quantity of electricity flow- 

ing through a wire. 

Amalgamation is the process of covering certain types of electrodes 

with mercury to prevent polarization. 


. The volt is the unit of electromotive force. 


. When an electric current is passed through water containing a few 
drops of sulphuric acid, hydrogen bubbles appear at the anode and 
oxygen bubbles at the cathode. 


. The LeClanche cell is made up of ammonium chloride and copper 


sulphate, a zinc rod and a carbon rod. 


. An electromagnet consists of an iron core wound with a coil of wire 


carrying a current. 


. A galvanometer is an instrument which measures electric current by 


the deflection of a coil or a magnetic needle. 


. The relay is an instrument whose function is to decrease the resistance 


in the main wires of a telegraph line. 


. The amount of resistance offered to a flow of one ampere of current 


under an E.M.PF. of one volt is designated as one ohm. 


. The internal resistance of a cell is directly proportional to the distance 


between the plates and inversely proportional to the plate area im- 
mersed. 


. A parallel connection for dry cells is a circuit in which the negative 


post of one cell is connected to the positive post of the next cell. 


. The most important factors affecting the resistance of a circuit are its 


temperature and voltage. 
R 


. The formula expressing Ohm’s law may be written =I—. 


E 


. Ampere’s rule states that if a conductor be grasped with the right hand 


in such a way that the thumb points in the direction of the current 
the fingers will encircle the conductor and point in the direction of the 
magnetic field. 
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Most of the commonly used galvanometers are based on the principle 
of electrostatic induction. 


. The electric bell and telegraph sounder depend for their operation 


upon the magnetic field that surrounds a conductor that carries a cur- 
rent. 

The commercial voltmeter is a high resistance galvanometer. 

A voltmeter should be connected in series in the main circuit. 

Morse was the first to apply the principle of electromagnetism to com- 
munication. 

The joint resistance of conductors in parallel is the sum of the resist- 
ance. 

The shunt in the ammeter carries only a small fraction of the total 
current. 


. By means of an ammeter and a voltmeter we are able to find the 


value of an unknown resistance. 


. The positive plate of a cell is the one that is eaten up. 

. The current inside a voltaic cell flows from the zinc to the copper plate. 
. Amalgamation will prevent local action of a cell. 

. LeClanche cells are suitable for telegraph line batteries. 

. A Daniell cell is a non polarizing cell. 

. The standard for measuring E.H "\S. is the gravity cell. 

. The voltage of a dry cell is abou: { volt. 

. The type of cell used for door bell circuits is the Daniell cell. 

. The voltage of the Weston cell is 1.0183 volts. 

. The amount of current flowing through each branch of a circuit of 


conductors in parallel depends on the resistance of each conductor. 


. The current in all parts of a circuit of conductors connected in series 


is the same. 


. The voltage of 5 dry cells connected in series is about 7.5 volts. 
. An ammeter is connected in parallel in a circuit. 


The voltage of 10 LeClanche cells connected in a parallel is about 15 
volts. 

The voltage of a cell depends on the nature of the plates and the elec- 
trolyte used. 

In general the resistance of metal conductors decreases with a rise in 
Temp. 

Copper wire has much higher R. than an iron wire of the same size. 
The resistance of a conductor is inversely proportional to the area of 
the cross section. 

In a commercial ammeter we have a coil of wire free to move in a mag- 
netic field. 


. In electroplating the object to be plated is made the anode. 
. The electromagnet was invented by Joseph Henry. 
53. If we know the direction of the magnetic field about a conductor we 


can easily find the direction in which the current is flowing in the con- 


ductor. 
An electric current is said to be a stream of electrons in a conductor. 


. Electrons are particles of positive electricity. 
. The chemical method of producing electricity was discovered by Gal- 


vani. 


. Oersted was the man who discovered the principle of electromagnet- 


ism. 


. Only a very small portion of the current passes through the coil of a 


commercial ammeter. 


. The resistance of about 18 ft. of No. 30 Cu. wire is about 2 ohms. 
. The resistance of different substances are compared with platinum as 


a standard. 
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61. The E.M.F. of a cell depends on the size of the immersed plates. 

62. The current flowing in a circuit, with an E.M.F. of 10 volts and an R. 
of 5 ohms is 2 amperes. 

63. A Daniell cell deteriorates on open circuit. 

64. A dry cell polarizes on closed circuit but recovers when the circuit is 
open. 

65. The resistance of a conductor is inversely proportional to the length. 

66. The NH,Clina dry cell overcomes the polarization by combining with 
the Hp» as it is formed. 

67. The carbon pole of the LeClanche cell is the anode. 

68. The operation of a telegraph depends on the magnetic effect produced 
in the sounder when the key is closed and opened. 

69. The strength of an electromagnet can be increased by making the coil 
of wire of very many turns. 

70. The copper plate of a Daniell cell is the cathode. 

71. A dry cell will furnish a constant current for a long time. 

72. The internal resistance of a cell affects the current which can be ob- 
tained from the cell. 

73. The internal resistance of a cell depends on the area of the plates im- 
mersed. 


What is a Foot-Pound? 


737. A member of the GORA submits the following: 


Two recent ‘‘General Science”’ tests said the following about the meas- 
urement of work. 

1. ‘‘A foot-pound is the amount of work done in lifting one pound one 
foot.” 

2. “A foot-pound is the work done when force causes one pound of mat- 
ter to move through a distance of one foot.”’ 


We may ask these questions— 
I. Which of these definitions, if either, is correct? 
II. Is either definition satisfactory if we want to give the student a clear 
and general concept of this term (work)? 


Answer by Norman S. Greiner, (GORA, No. 21) Somerville, N. J. 
“What is a Foot-Pound?”’ 


According to the two definitions submitted the first says: 

A foot-pound is the amount of work done in lifting one lb. one ft. 

The second says: 

A ft.-lb. is the work done when force causes one pound of matter to 
move through a distance of one foot. 

I don’t believe either of these definitions rigidly satisfies the meaning of 
work. The first definition is true only if the distance the one lb. is raised is 
vertical distance. By this I mean the line of motion makes an angle of 90° 
with the horizontal. But even this definition does not satisfy all cases. 
Not all objects are raised vertically. 

The second definition is incorrect because when the pound of matter is 
moved at any angle of less than 90° with the horizontal, and the coefficient 
of friction is less than one, the force required to move it is less than one lb. 
and as a result the work done in moving it one foot is less than one ft.-lb. 

I believe the definition that satisfies all cases is: 

A ft.-lb. is the work done when a force of one lb, acts through a distance 
of one foot. . 
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If the weight is raised vertically the force then required is equal to the 
weight of the object. 
When the object is moved through a distance of one foot, regardless of 
whether it is horizontal or acute, and regardless of the weight of the ob- 
° ° ma 
ject, as long as the force applied is one /b. (/-*) by the above defi- 
g 


nition, the work done is one ft.-lb. 


WHAT ARE YOUR VIEWS? 


Submitted by Principal James A. Lemon, Randolph High School, Engle- 
wood, Ohio. (Elected to GORA, No. 142.) 

Mr. O. B. Sipe (Elected to GORA, No. 143), Chemistry and Physics 
Teacher, Randolph H. S., and I have had a few discussions concerning the 
following questions. We have answers for these but would like to hear 
other views and comments. 


758. Our text in physics gives the following statement: ‘‘The over- 
crowded electrons on the zinc plate (of a simple electric cell) try to push 
each other off the plate, and this push, together with the attraction of the 
+ plate, is the electromotive force of the cell.” We infer that electrons go 
from — to + through a wire connecting the plates. Diagrams in this book 
show that electric current from batteries and DC generators flow from 
+ to —. IS THE CURRENT FLOWING IN THE DIRECTION 
OPPOSITE THAT OF THE ELECTRONS? 


Answer by C. S. Greenwood (GORA, No. 135), Sheffield, Pa. 


“Franklin thought that it was positive electricity which moved through 
a conductor, and he conceived the negative as inseparably associated with 
the atoms. Hence it became a universally recognized convention to regard 
electricity as moving through a conductor in the direction in which a plus 
charge would have to move in order to produce the observed effect. It is 
not desirable to attempt to change this convention now, even though the 
electron theory has exactly inverted the roles of the plus and minus 
charges.’’—Footnote, p. 354, A First Course in Physics for Colleges, by 
Millikan, Gale, and Edwards, 1928. 


Answer by James W. Wilbur (GORA No. 150), Chicago, Ill. 


The diagrams of the text quoted agree with the convention established 
years ago that current flows from pos. to neg. through a conductor without 
a generator between the points considered. The convention was adopted 
before much was known about what did take place, and became so linked 
with other conventions about magnetic fields, right-hand rules and such 
useful devices that it stays with us. When one wants to analyze electrical 
occurrences he must forget the convention of current-flow and follow the 
electrons about. The electrons tend to move toward a region of higher po- 
tential designated as + with regard to the region from which they come. 

I do not like what is said about electromotive-force; it sounds as though 
an electromotive-force were a force but it is not. It is energy per unit 
charge, supplied to the circuit by the generator of whatever sort is operat- 
ing in the circuit. The dimensions of electromotive-force are not the di- 
mensions of a mechanical force. It seems desirable for any elementary book 
to avoid trying to give concrete or exact significance to the meaning of the 
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term. It is better to let those who use the term, E.M.F., use it incorrectly 
than to put incorrect statements in books in a futile attempt to give it 
meaning. 





DALTON (1766-1844) 


By Sr. M. AGNEsE, N.D. 
St. Joseph High School, Fremont, Ohio 


September, 1776—the year of the Declaration of Independence—found 
a twelve year old Quaker pathetically struggling to earn a livelihood by 
teaching school in an old barn. JOHN DALTON, one of six children of a 
poor weaver of Eaglesfield, near Cockermouth, in Cumberland, had been 
early thrown upon his own resources. After several years of unsuccessful 
teaching, he came under the influence of a blind philosopher, old John 
Gough, who shaped the life of this unattractive young boy. 

Having no gifts as an experimenter and no money to buy suitable equip- 
ment, Dalton lead an uneventful contemplative life, so regular ‘‘that his 
neighbors could set their clocks by his movements.’! With no attraction 
for hunting, fishing or swimming, he kept a meteorological diary of two 
hundred thousand observations, covering a period of fifty-seven years. 
Strange that not to a chemist, but to the inveterate tobacco-smoking 
mathematician, who had no relaxation but bowling and who said he could 
carry his library on his back, was revealed the great generalization, which 
we know as the atomic theory and which was “‘based upon the imaginative 
boldness of a mature thinker, and the simplicity of a boy playing with a 
hobby.’”? 

Dalton never married; in his dry way, he said that he had no time for 
such luxury, yet he enjoyed the society of beautiful and talented women. 
Dalton admitted that he was more taken up with feminine faces than with 
their dress. Could this have been due to his pronounced “‘color blindness’’? 

As a lecturer in mature life, the man with a deep gruff voice, who at 
the age of fifteen had purchased the first umbrella he had ever seen, in the 
hope that he might ‘“‘become a gentleman,”’ was a hopeless failure. Davy, 
England’s most celebrated chemist at the time, was bitterly hostile toward 
his fellow Briton and rudely refused to acknowledge him. On the con- 
trary, the French scientists, Laplace, Berthollet, Cuvier, Gay-Lussac, 
Thenard, gave him royal welcome in 1822 when he visited Paris. 

July 27, 1844 brought to a close the life of the silent, frugal, kindly, 
generous man, whose ‘‘monumental work consisted in his experiments with 
gases and the conclusions which his genius prompted him to draw from 
those experiments.’” 
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The Hungary correspondent has just reported to the American Chemi- 
cal Society here a new patent wherein the seeds of valuable plants can be 
separated from weeds by magnetic attraction. Separating the seeds of 
plantain from the valuable ones of Trifolium is an example. 

A mixture of magnesium or calcium chloride, calcium oxide and iron 
powder are dusted over the mixed seeds. The chemical agents are adsorbed 
on the plantain seeds and they are attracted to magnets. Thus the Tri- 
folium seeds are left alone. 
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BOOKS RECEIVED 


TO SHOW TILTED AND PARALLEL STRATA, AND 
CONFORMITY AND UNCONFORMITY 


By Epwin E. JAcoss 
Ashland College, Ashland, Ohio 


To show the above as well and several other processes, such as that all 
strata are laid down at water level, take a clear deep glass dish some ten 
inches across and pour into it a thick muddy solution made of yellow clay. 
Set the dish on a level surface until the mud has hardened and the excess 
water evaporated. Then tip the dish at any convenient angle and pour in 
mud made of ground of another color, say black muck. Keep at this angle 
until the mud is again dry and the water evaporated. It is well to set the 
dish at such an angle that the complete surface of the first stratum is not 
entirely covered. 

This will easily illustrate the fact that strata have been laid down at 
water level and if unconformity has taken place, that can also be shown. 
If further strata are desired, it is well to set the dish level or at another 
angle and pour in muddy water made with ground of another color such 
as deep red. Any number of strata can be made at any angle desired and 
the mud may be colored artificially with any laboratory or other suitable 
dye. The only precaution necessary is that the mud poured upon former 
strata should not contain so much water as to redissolve them, thus mix- 
ing the colors but if the mud is kept so thick as not to flow too easily the 
demonstration can be readily made. 
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The Microscope, by Simon Henry Gage, Emeritus Professor of His- 
tology and Embryology in Cornell University. Sixteenth Edition, Revised 
and Enlarged. Cloth. Pages viii+617. 15 x23 cm. 1936. Comstock Pub- 
lishing Company, Inc., 124 Roberts Place, Cornell Heights, Ithaca, N. Y. 
Price $4.00. 

General Chemistry, by Harry N. Holmes, Professor fof Chemistry in 
Oberlin College. Third Edition. Cloth. Pages viii+700. 14 x 21.5 cm. 1936. 
The Macmillan Company, 60 Fifth Avenue, New York, N. Y. Price 
$3.50. 

Descriplive Geometry Problem Book, by Frank W. Bubb, Associate 
Professor of Applied Mathematics, Washington University, Saint Louis 
Missouri. Paper. Pages 1+12+90 detachable sheets with Constructions. 
20.5 X28 cm. 1936. The Macmillan Company, 60 Fifth Avenue, New York, 
N. Y. Price $1.75. 

Plane Trigonometry with Tables, by Edward S. Allen, Associate Pro- 
fessor of Mathematics, lowa State College. First Edition. Cloth. Pages 
xii +152 +xxiii+156. 13.5X20.5 cm. 1936. McGraw-Hill Book Company, 
330 West 42nd Street, New York, N. Y. Price $2.25. 

Plane Trigonometry, by Edward S. Allen, Associate Professor of Mathe- 
matics, lowa State College. First Edition. Cloth. Pages xii+152. 13.5 
20.5 cm. 1936. McGraw-Hill Book Company, 330 West 42nd Street, 
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Elements of Mechanics, by Henry A. Erikson, Professor of Physics, 
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cm. 1936. McGraw-Hill Book Company, 330 West 42nd Street, New 
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The Professional Engineer, by Esther Lucile Brown, Department of 
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Russell Sage Foundation, 130 East 22nd Street, New York, N. Y. Price 
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General Science for Today, by Ralph K. Watkins, Professor of Educa- 
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tion, State Teachers College, Kirksville, Missouri. Revised Edition. Cloth. 
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A Laboratory Manual in General Biology, by James W. Mavor, Pro- 
fessor of Biology and Chairman of the Field of Biology, Union College, 
and Leonard B. Clark, Assistant Professor of Biology, Union College. 
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Workbook to Accompany Caldwell and Curtis’ Science for Today, by 
Francis D. Curtis, Teacher of General Science and Head of the Depart- 
ment of Science, University of Michigan High School, and Professor of the 
Teaching of Science, University of Michigan. Paper. Pages v +197. 
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Olga A. Smith, Instructor in Botany in Lawrence College. Cloth. Pages 
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The Renaissance of Physics, by Karl K. Darrow, Research Physicist, 
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An Introduction to Mathematical Analysis, by Frank Loxley Griffin, 
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BOOK REVIEWS 


Introduction to Theoretical Chemistry, by William Buell Meldrum, Pro- 
fessor of Chemistry, Haverford College, and Frank Thomson Gucker, 
Jr., Associate Professor of Chemistry, Northwestern University. First 
Edition. Pages xiv+614. 4X15 X22 cm. 155 figures; 112 tables, XV 
plates. Cloth. 1936. American Book Co. 


“Of the making of many books there is no end”’ may be true today, as 
it was said to be in the olden time and we who review books sometimes are 
led to think that there is little use in that activity but here is a text that 
has an excellent excuse for being. There is much need for it both among 
college students who have been exposed to a year of general chemistry and 
among teachers of chemistry who have been out of college long enough so 
that they are getting shaky in regard to the teaching of some of the more 
theoretical parts of the subject. 
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The senior author is working at that little Quaker college where T. W. 
Richards first became infected with a yearning to know more about 
chemistry and then with the urge to find out still more. The frontispiece 
pictures that great American atomic weight chemist. 

As the authors say in their preface “It seems no longer possible for a 
student to acquire in his first year course a really comprehensive knowl- 
edge of the fundamentals of chemistry.” ‘‘General Chemistry has grown 
to be too big a subject.’”’ The purpose of the text is then “to outline a 
course of study which will amplify the too thinly disseminated knowledge 
of important generalizations already possessed by the student, and to 
bring into a unified whole the basic principles of chemistry and their 
relationships.” 

The inductive approach has been used wherever possible—facts before 
theory—an excellent practice in teaching. In practical use in the college 
course the authors have accompanied the teaching of theoretical relation- 
ships with the practice of analytical chemistry in the laboratory, in one 
case qualitative, in the other case quantitative chemistry. These courses 
must have been a far cry from the old fashioned “‘test-tubing”’ courses in 
qualitative analysis. 

In the main the teaching of outworn notions is avoided and those newer 
ideas upon which there is now general agreement are taught in their stead. 
The Arrhenius Theory of ionization however is taught in its historical 
form and a later chapter treats of modern theories of ionization. 

Each chapter is followed by an excellent paragraph of recommended 
references for further reading to supply the real student with more ma- 
terial than his ‘‘run of the mine”’ classmates can handle. 

A critical study of parts of the text, especially those parts which deal 
with some of the newer physical chemistry showed that the authors have 
used much discretion in what they chose to discuss and in the way they 
discussed it. This is especially true of their discussion of the discovery of 
the elements. 

College teachers seeking suitable texts for second year chemistry should 
study this new book and the reviewer believes that every high school 
chemistry library should be provided with one or more copies of the text 
especially for study by the teacher and for reference purposes for many of 


the more capable students. 
FRANK B. WADE 


Elementary Principles in Physical Chemistry, with special reference to the 
state of equilibrium in a chemical reaction and to the rate of attainment 
of the state of equilibrium, by T. J. Webb, Assistant Professor of Physi- 
cal Chemistry in Princeton University. First edition. Pages x +344. 
3.5X15.5X23 cm. Figures 26. Tables LXVII. Cloth. 1936. $4.00. 
Appleton-Century. 


The author’s purpose, as stated in the preface, is to provide a text for 
the use of juniors and seniors in college. These students are assumed to 
have the use of a good preparation in general chemistry, physics and the 
calculus. The method of the author is of necessity somewhat analytical 
and mathematical but space is usually taken to expound such treatment 
rather fully. 

A sampling of some parts of the text, particularly such parts as the re- 
viewer is in the habit of using with some of the better high school students 
(in attenuated form) shows that the subject matter is excellently pre- 
sented. Among these sections are the treatment, early in the book, of the 
subjects of molecular and atomic weights and the Avogadro Hypothesis, 
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the discussion of the theory of ionization and the later treatment of the 
Debye-Hiiclel theory. 
Here is a really constructive piece of teaching technique in a field which 


is, at the best, one of difficulty for the average student of chemistry. 
FRANK B. WapeE 


A Fugue in Cycles and Bells, by John Mills. Cloth. Pages vi+269.13 
x 20.5 cm. 1935. D. Van Nostrand Company, Inc., 250 Fourth Avenue, 
New York, N. Y. Price $3.00. 


In this book Mr. Miils has brought together the musician and the 
scientist. He has explained the technical language of the physicist and the 
acoustic engineer so that it can be understood and employed by the musi- 
cal artist. He has given a brief survey of the researches on the investiga- 
tors in the Bell laboratories that bear directly on the reception, transmis- 
sion, reproduction, and recording of speech and music. He gives the 
answers to many interesting questions such as: How much do the har- 
monics of a low tone add to its loudness? Is a tone of frequency 421 an 
octave above one of frequency 222? How accurate must a tone be repro- 
duced to satisfy the average ear? What is electricity doing to music? 

The book is divided into four parts. The first part gives the early history 
of the experimental study of musical sounds, the development of electrical 
devices for receiving, transmitting and reproducing sound, and the ex- 
planation of the mechanics of musical scales. Part Two is more technical 
and is difficult for the reader unacquainted with the work of communica- 
tion and acoustic engineers. It gives the results of recent research in audi- 
tion, translation, transmission, overloading, distortion, etc. Part Three 
gives the methods of recording sound, the fundamentals of auditorium 
acoustics, the effect of noise on the transmission and reception of sound, 
and explains what electricity can do for music and what effect it will have 
on composers and directors. The fourth part is made up of charts and 
graphs with the explanations needed to illustrate and clarify the discus- 
sions in the early sections. 

G. W. W. 


Through the Telescope, by Edward Arthur Fath, Professor of Astronomy 
in Carleton College. Cloth. Pages vii+220. 15 x 23.5 cm. 1936. McGraw- 
Hill Book Company, 330 West 42nd Street. New York, N. Y. Price $2.75. 


Through the Telescope is a delightful visit to two great observatcries 
under the guidance of a great astronomer, lecturer and writer. We see first 
the great Lick observatory on Mt. Hamilton, learn the history of its con- 
struction, inspect its 36-inch refractor, and view the surrounding country 
from the roof. Then follow several chapters describing the discoveries and 
observations made by the use of telescopes of this type: the planets, moon, 
sun, comets, meteors, and the stars. These chapters are not mere descrip- 
tions but each page gives some startling fact told in a striking way. 

The second visit is to the Mt. Wilson observatory to see its mighty 100- 
inch reflector and its tower telescope 225 feet in length. The celestial views 
made by the great reflector are of the distant universes—the mysterious 
nebulae and star clusters far beyond the Milky Way. 

This book is a reliable science reader, a delightful companion, and a 


work of art. 
G. W. W. 


First Year College Mathematics, by M. A. Hill, Jr., University of North 
Carolina, and J. Burton Linker, University of North Carolina. Cloth. 
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Pages xvi+436+155. 16.524 cm. 1936. Henry Holt and Company, 
One Park Avenue, New York, N. Y. Price $2.60. 


In this text the authors have two main objectives: 

(1) to present the subjects of algebra and trigonometry in such a way that 
the student might apply at once the processes learned in algebra to the 
solving of problems involving trigonometric functions. 

(2) to give the student a thorough grounding in algebra and trigonometry 
and at the same time allow him to become familiar with some of the topics 
which are essential to his future work in his chosen field of study. 

The authors believe the second objective has been attained by dividing 
the work into three parts I. Algebra and Trigonometry, II. Analytic 
Geometry, III. Mathematics of Finance. They expect students of the 
liberal arts to cover Parts I and II; commercial students, Parts I and III; 
and engineering students Parts I, I], and III with the omission of later 
sections of Part III. 

To obtain the first objective the subject matter has been arranged in 
Part I as follows. In the first chapter we find a very brief review of ele- 
mentary algebraic principles followed by a discussion of angles and co- 
ordinates, both rectangular and polar. The second chapter is headed 
“Functions.’’ Here the function idea is discussed. The functional relation- 
ship between two or more variables is displayed briefly in connection with 
the simple algebraic functions arising in direct, inverse, and combined 
variation. The major portion of the chapter deals with the trigonometric 
functions. They were defined for the general angle; the fundamental iden- 
tities are derived; functions of the special angles are evaluated; the general 
reduction formulas are given; the inverse functions are defined; and the 
right triangle is solved by the natural functions. The third chapter deals 




















ECOLOGY 
Devoted to All Forms of Life in Relation to Environment 
Established 1920. Quarterly. Official publication of the Ecological Society of America. 
Subscription, $4 a year for complete volumes (January-December). Parts of volumes 
are to be had only at the single number rate. Back volumes as available, $5 each. 
Single number, $1.25 post free. Foreign postage: 20 cents. 


GENETICS 


A Periodical Record of Investigations Bearing on Heredity and Variation 
Established 1916. Bimonthly. 
Subscription, $6 a year for complete volumes (January-December). Parts of volumes 
are to be had only at the single number rate. Single numbers, $1.25 post free. Back 
volumes, as available, $7 each. Foreign postage: 50 cents. 


BROOKLYN BOTANIC GARDEN MEMOIRS 


Volume I: 33 contributions by various authors on genetics, pathology, mycology, 
physiology, ecology, plant geography, and systematic botany. Price, $3.50, plus postage. 

Volume II: The Vegetation of Long Island. Part I. The Vegetation of Montauk, etc. 
By Norman Taylor. Pub. 1923. 108 pp. Price $1. 

Volume III: The Vegetation of Mt. Desert Island, Maine, and its environment. By 
Barrington Moore and Norman Taylor, 151 pages, 27 text figures, vegetation map in 
colors. June 10, 1927. Price, $1.60. 

Volume IV: Commemoration program. 15 papers on twenty-five years of progress in 
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with the graphical representations of function—arbitrary, polynomial, and 
trigonometric. The fourth chapter is headed ‘‘Factoring.”’ Both poly- 
nomials and trigonometric functions are factored. Fractions involving both 
algebraic and trigonometric functions are treated in the fifth chapter. 
Chapters VI, VII, and VIII deal with exponents, logarithms, and the solu- 
tion of right triangles by the use of logarithms. 

Chapters IX, X, and XI deal with linear, quadratic, and higher degree 
equations, Horner’s method is employed in the solution of the latter for 
irrational roots. 

Chapter XII deals with functions of multiple angles. In Chapter XIII 
the usual formulas for solving the general triangle are derived and used in 
solving problems. Complex numbers are treated in Chapter XIV. 

In Part II we find six chapters devoted to analytic geometry with the 
chapter headings: 

The Straight Line; The Circle; The Parabola; The Central Conics; The 
General Conic; Polar and Parametric Forms. 

In Part III we find six chapters on Mathematics of Finance dealing with 
progressions, interest and discount annuities, applied annuities, bonds, 
life annuities and life insurance. 

On account of the flexibility in arrangement of the subject matter of 
this book, and in its appeal to students of widely different interests it will 


no doubt be used extensively. 
J. M. KINNEY 


Analytic Geometry, by Palmer H. Graham, F. Wallace John, and Hollis 
R. Cooley of the Department of Mathematics, Washington Square 
College, New York University, Cloth. Pages xx+294. 1623.5 cm. 
1936 Prentice-Hall, Inc., 70 Fifth Avenue, New York, N. Y. Price 
$2.35. 


This book is a standard treatment of Analytic Geometry. On pages xiii 
to xx we find algebraic, geometric, and trigonometric formulas, tables of 
common and natural logarithms, values of e7 and e~* and a table of the 
natural trigonometric functions. The first eight chapters present the usual 
features of analytic geometry. Chapter IX deals with the general locus 
problem, Chapter X, with conic sections, and Chapter XI, with empirical 
equations. The last four chapters are devoted to solid analytic geometry. 

J. M. KInnEy 


Science in the World of Work—Vol. I Applied Mechanics, Vol. II Applied 
Physical Science, by Frank R. Deming and Joseph T. Nerden both of 
State Trade School, Meriden, Conn., with a foreword by Herman S. 
Hall, State Supervisor of Industrial Education, Hartford Conn. Pages 
x +206; x +281. 14X20 cm. 1936. McGraw-Hill Book Company, New 
York. Price $1.28; $1.48. 


These two volumes are based on the contention that science training in 
the secondary school should be limited to qualitative understandings and 
applications. The first volume deals with machines, friction, work, power, 
efficiency, parallel and angular forces. The approach to each topic is 
through implements in the daily environment of the student. The units 
under each topic are developed through experiments with ‘‘homemade”’ 
equipment. Descriptive data is recorded in terms of “more,” “most,” 
“least,” etc. Such tables of data are followed by questions which direct 
the student in analyzing and in drawing conclusions from his observations. 

Volume two develops some of the general properties of matter and 
energy—density, heat, power, light, sound, some chemical facts, and some 
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facts about electricity. The treatment of these topics is similar to that of 
volume one. 

Trade schools and general high schools lacking equipment for the stand- 
ard course in physics will find that these small volumes give valuable 


training in the sciences. 
C. RapIvus 


Science for Today, by Otis W. Caldwell, Ph.D. Professor Emeritus, Teach- 
ers College, Columbia University and Francis D. Curtis, Ph.D. Head of 
the Department of Science, University High School, and Professor of 
the Teaching of Science, University of Michigan. Pages xxxviii +732. 
14 X20 cm. 1936. Ginn and Company, New York. Price $1.68. 

Science for Today is an outgrowth of Introduction to Science by the 
same authors and a companion volume to Biology for Today. 

The authors have attempted to develop the energy concept and each 
of the fifteen units deal with some aspect of science in its relation to 
energy. This is a lofty attempt. However, it might well be asked whether 
the beginning science student is ready for such a presentation. Each unit 
is divided into problems which are grouped into chapters. True-false, com- 
pletion, and multiple-response test questions terminate each problem. 
Good teaching procedure characterizes the organization of each unit. 
A rather large number of experiments, problems, and diagrams are found 
throughout the text. 

The attractive format of the book will aid in stimulating interest in the 


subject matter. 
C. Rapius 


Manual for First Year College Physics, edited by Hugh K. Adams, Tech- 
nical Department of Chicago Apparatus Company. Looseleaf. Pages 
118. 8 X10 in. 1936. Chicago Apparatus Company, 1735 North Ashland 
Avenue, Chicago, Ill. Price 75 cents. 


Choosing a suitable laboratory manual is in many respects a more difti- 
cult task than choosing a textbook. Most College Physics manuals are 
built around the equipment found at one particular institution and con- 
tain only those experiments which are considered essential by the author. 
Some manuals are simply laboratory directions while others are laboratory- 
texts. 

This manual contains 78 experiments and is really a compilation of what 
is considered standard at many institutions. In some cases experiments 
are repeated with two or more different standard methods. This increases 
the usefulness of the manual. The large number of experiments gives sufti- 
cient choice to satisfy the needs of engineering, science, and liberal arts 
students. 

Those instructors who prefer to develop the theory of the experiments 
themselves will find that the treatment of these experiments fits in well 
with their own procedure. Each experiment contains a condensed state- 
ment of the theory involved followed by detailed and well outlined steps 
in adjustments and procedure. Each experiment is concluded with ques- 
tions which can be used as supplementary problems or incorporated in the 
student’s writeup. Discussion of significant figures, slide rule, and tables of 
useful data are found in the introduction. 

The instructors copy of the manual contains well tabulated sets of data. 
This is exceptionally helpful when one adopts a new procedure or experi- 
ment. The chief merit of this manual is its wide adaptability. 

C. Rapius 
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THE MULTIFOLIATE MONOGRAPHS 
Second Discourse on Collective Numbers by Robert A. Philip 


Geometry of Synthetic Numbers 


The synthetic arithmetical number 3 & 2 may be generalized into the synthetic algebraic 
number X & FY. 

The algebraic number X & Y may then be represented geometrically by the point 
(X,Y) of plane analytical geometry. 

Conversely, it is true, though less obvious, that the symbol (X,Y) of analytical geometry 
is a rudimentary form of the symbol X & Y of compound numbers. 

Now take the compound ascending and descending arithmetical progression : 

$a $s 4& 2 5 & —1 
If we assume that the progression starts with a zeroth term then the formula for the Nth 
term is: 
(3-+N) & (5—3N) = (3 & 5) + (N & —3N) 
We may write: 
X = 3+N Y = 5—3N 
Elimination of N gives the Cartesian equation of the locus of the compound progression as 
the straight line: 

wT4+Ff—wuwze 

The locus of the compound arithmetical progression is a series of points equally spaced 
on this straight line. Conversely, any series of equally spaced points on any straight line 
in the plane of (X,¥) is the locus of a compound arithr:stical progression of the form X & Y. 

For other examples of compound progressions take . nest of cubical boxes with edges 

which form the arithmetical progression : 
yy oon Se 
The sides of the boxes have areas which form a progression which may be described as 
involutionary : 
s? 22 3? 4g? 5 
The volumes of the boxes form another involutionary progression: 
1° y 33 4° 53 
The edges and sides considered collectively give a compound involutionary progression : 
(1 & 1) (2 & 4) (3 & 9) (4 & 16) (5 & 25) 
The sides and volumes considered collectively give another compound involutionary pro- 
gression : 
(1 & 1) (4&8) (9 & 27) (16 & 64) (25 & 125) 
The Nth terms of these progressions are: 
(N & N*) (length & area) 
(N? & N*) (area & volume) 
The Cartesian equations of the loci of these progressions are: 
N&N=XKYV y= xX* 
N&EN=X&YV y= x”? 

These examples illustrate the general principle that every progression of compound 
numbers has a plane curve for a locus. Conversely, the geometry of plane curves is a 
geometry of compound numbers. 

This conception of the relation of compound numbers to plane analytical geometry is 
developed systematically in a monograph BIFOLIATE GEOMETRY. 


BIFOLIATE NUMBERS Price one dollar. 
BIFOLIATE GEOMETRY Price two dollars. 
THE MONOGRAPHIC PRESS 
106 Washington St. Fairhaven, Mass. 
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